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ABSTRACT
Gypsum Cave Revisited: A Faunai and Taphonomic Anaiysis 
of a Rancholabrean-to-Holocene 
Fauna in Southern Nevada
by
Elizabeth Marie Glowiak
Dr. Stephen M. Rowland, Examination Committee Chair 
Professor of Geology 
University of Nevada, Las Vegas
Gypsum Cave, near Las Vegas, Nevada, was excavated in 1930, yielding a 
Rancholabrean-to-Holocene mammalian fauna intermixed with many human 
artifacts. The bone assemblage, which is now housed at the Los Angeles County 
Museum of Natural History, contains burned and fractured bones with 
conspicuous grooves that have never before been studied. The objectives of this 
study are to (1) identify and describe the Gypsum Cave fauna, (2) interpret the 
taphonomy of the fauna to test the hypothesis that Gypsum Cave represents a 
site of interaction between Pleistocene animals and Paleo-lndians, and (3) use 
the Gypsum Cave fauna to better characterize the Pleistocene paleoecology of 
Southern Nevada. The methods include: identifying the species present; 
determining their abundance in the cave; determining the age of the fauna; 
determining the spatial distribution of the bones; analyzing the fractures and
III
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
surficial features of the bones; and examining the micromorphology of the burned 
bone surfaces. These scanning electron microscope (SEM) analyses indicate 
that Gypsum Cave does not represent a site of Late Pleistocene human 
butchery, but rather a Late Pleistocene predator’s lair that was later inhabited 
and overprinted by humans in the Holocene.
IV
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CHAPTER 1 
INTRODUCTION
Gypsum Cave is located several miles east of Las Vegas, Nevada at 36.12°N 
114.39°W (Figure 1.1 and 1.2). It was the site of a 1930 archaeological and 
paleontological excavation led by archaeologist Mark Harrington.
sw 
 ̂-rms p
ri.c’5 f
Figure 1.1. Gypsum Cave is located east of Las Vegas on BLM land, and is 
shown on the on the Frenchman Mountain 7 1/2’ Quadrangle.
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Figure 1.2. Photograph of the entrance of Gypsum Cave. The entrance, Room 
Two, consists of a steep rocky slope. The view is toward the east.
The excavation of Gypsum Cave yielded abundant cultural material, as well 
as numerous mammal remains, including bones, dung, tissue, and hair 
(Harrington, 1933). Some of the recovered materials represent species of the 
extinct Rancholabrean LMA (Land Mammal Age) fauna (10,000 to 500,0000 
years BP) including Shasta ground sloth {Nothrotheriops shastensis), camel 
{Camelops hesternus), llama {Hemiauchenia macrocephala), and two species of 
horse {Equus spp.). Also represented are extant species, including bighorn 
sheep (Ov/s canadensis), mule deer {Odocoileus hemionus), gray fox {Urocyon 
cinereoargenteus) and kit fox (Vulpes macrotis) (Table 1 ).
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Most of the bones that were excavated from Gypsum Cave are currently 
reposited at the Natural History Museum of Los Angeles County (LACM), 
although a few are with the cultural material reposited at the Southwest Museum 
(currently under study by Amy Gilrease of Far Western Anthropological 
Research, Davis, California), and some were distributed to other museums. The 
LACM also houses the small mammal, avian, and reptile remains that were 
collected from Gypsum Cave.
Table 1. Species of Large Mammals Whose Remains Were Recovered from 
Gypsum Cave in the 1930 Excavation
Species Name Common Name Status
Ovis canadensis Bighorn Sheep Extant
Odocoileus hemionus Mule Deer Extant
Vuipes macrotis Kit Fox Extant
Urocyon cinereoargenteus Gray Fox Extant
Lynx rufus Lynx or Bobcat Extant
Nothrotheriops shastensis Shasta Ground Sloth Extinct
Equus sp. 1 Stilt-legged horse Extinct
Equus sp. 2 Extinct
Cameiops hesternus Yesterday’s Camel Extinct
Hemiauchenia macrocephala Stilt-legged, Large-headed Llama Extinct
Of the mammal bones collected, some are partially or completely charred and 
exhibit fine indentations which Harrington (1933) suggested might be human
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butchering marks. Also, a high percentage of bones are fractured and appear at 
first glance to have been split for marrow.
On the basis of observations of human artifacts and mammal bones found 
intermixed throughout the sediments in the cave (Figure 1.3), Harrington (1933) 
concluded that Gypsum Gave represents a site of interaction and alternating 
visitation between humans and Pleistocene mammals.
Gypaiim CryErair.
■ \  !  '  •  J
^D«cayed rnAm \  and t i l t  ~
^'Decayed bum ocJ
jB fliîiygypTum^
/ dung u
Fine brown sand
Figure 1.3. One of several sketches from Harrington (1933) in which he 
documented a stratigraphy of intermixed extinct mammal dung, human artifacts 
and fire-pits. This particular sketch is from a trench in Room Five. (Modified from 
Harrington, 1933, Figure 43.)
Forty years after the excavation, Heizer and Berger (1970) published 
radiocarbon dates from three sloth dung samples from Gypsum Cave; the dates 
ranged from 8,400-11,700 radiocarbon years before present (rcybp). They also 
dated a wooden stick from a fire pit found in Room Five. Harrington had
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documented the presence of an unbroken layer of sloth dung above the wooden 
stick. The date of the wooden stick was determined to be 2,400 + 60 rcybp, 
which is much younger than the sloth dung that was found stratigraphically above 
it. These dates violate the fundamental stratigraphie principle of superposition, 
and thus the archaeological community concluded that Harrington’s stratigraphie 
documentation was unreliable (Rowland and Needham, 2000). Harrington’s 
conclusions were discounted, and the level of interest in Gypsum Cave rapidly 
decreased. James Thurston, the paleontologist who worked with Harrington on 
the Gypsum Cave excavation, passed away one year after the excavation, and 
the mammal bones he had collected remained undescribed, undocumented, and 
uncataloged at the California Institute of Technology. In the 1950s the Gypsum 
Cave bones and dung were sold to the Los Angeles County Museum of Natural 
History, together with other CalTech paleontological collections.
Recently, Gypsum Cave has been receiving renewed attention. Studies have 
been conducted on DNA recovered from a Gypsum Cave horse bone (Weinstock 
et al., 2005), as well as on DNA from sloth dung (Poinar et al., 1998, Hofrieter et 
al., 2000). A thorough analysis of the cultural artifacts from Gypsum Cave is 
currently underway by Far Western Anthropological Research in Davis,
California. However, the collection of mammal remains has never been fully 
documented. My study is the first comprehensive analysis of the mammal 
remains from Gypsum Cave.
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The objectives of this study are to (1 ) identify and describe the bones of the 
Gypsum Cave fauna, (2) interpret the taphonomy of the fauna and test 
Harrington’s hypothesis that Gypsum Cave represents a site of interaction 
between Pleistocene animals and Paleo-indians, and-(3) use the Gypsum Cave 
fauna to better characterize the Pleistocene paleoecology of Southern Nevada.
Methods
To accomplish these objectives I conducted a series of observational and 
laboratory analyses including: (1) identification of the mammalian taxa present to 
the species level (when possible), (2) use of radiocarbon dating to determine the 
age range of the assemblage, (3) systematic examination of surface marks and 
fractures of bones in order to identify any signs of human butchery and/or 
activities of non-human predators, and (4) SEM analysis of burned bones to 
determine whether the burning was the result of human butchery and cooking, or 
a cave fire.
Potential Significance of this Studv 
It is widely believed that humans first immigrated into North America 
approximately 11,500 radiocarbon years ago (Grayson, 1993). These early 
immigrants are commonly referred to as Clovis hunters, and they are associated 
with fluted stone points found at archaeological sites throughout North America. 
The timing of their arrival in North America approximately coincides with the Late 
Pleistocene megafaunal extinction. One theory for the mammal extinction.
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formulated by Paul Martin of the University of Arizona, is that humans hunted 
these animals into extinction (Martin, 1967).
Fewer than twenty-four archaeological sites contain evidence of interaction 
between Clovis hunters and currently extinct species, and, until recently, the 
extinct species were restricted to the genera Mammuthus, Mammut, and Bison 
(Martin and Steadman, 1999). Recently, a Clovis point has also been discovered 
to contain DNA residue from an extinct species of horse (Kooyman et al, 2001).
If the extinct Late Pleistocene mammal remains at Gypsum Cave have been 
burned, cut, collected, and/or butchered by Clovis hunters, it would be the 
earliest documentation of man in Southern Nevada, and it would be the first 
documented use of sloths and camelids by Clovis hunters. At least one Clovis 
projectile point has been found in Las Vegas Valley (Heidi Roberts, personal 
communication to S. Rowland, 2005), so it is probable that Clovis hunters hunted 
Pleistocene animals in Southern Nevada. Gypsum Cave is one of the few places 
where this interaction may be recorded. Such results would significantly 
strengthen Martin’s overkill hypothesis for the extinction of Pleistocene 
megafauna. If, on the other hand. Gypsum Cave does not represent a site of 
interaction between humans and Pleistocene mammals, it will undercut 
Harrington’s conclusions, and be another Pleistocene faunal site that does not 
document the interaction.
This study is fundamentally a taphonomic analysis. Taphonomy has been 
described as “the science of the laws of embedding or burial" (Efremov, 1940), or 
as “the study of the relationships between ancient organisms and their
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
environments, the death of the organisms, and their burial and post-burial history 
in the geologic past” (Glossary of Geology, 1980). The interdisciplinary science 
of taphonomy has become increasingly popular because it allows for 
reconstructions of paleoecological conditions during a given time-span (Hess & 
Wapnish, 1985).
Figure 1.4 graphically portrays the progressive loss of data between the time 
a biota is part of a living ecosystem and the time it is collected by a 
paleontologist. Most of the early taphonomic studies were conducted by 
paleontologists who were interested in paleoecology and who used taphonomic 
analysis to assess how faithfully a particular fossil assemblage reflects the actual 
biotic community from which it was derived (Figure 1.4) (Lyman, 1994). Other 
taphonomic studies have been conducted by archaeologists who sought to better 
understand human remains and associated non-human bones. In this study, I 
have used insights gained from such taphonomic analyses to test the hypothesis 
that humans interacted with the Pleistocene megafauna at Gypsum Cave.
8
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Figure 1.4. A model of the typical taphonomic biases that contribute to the loss 
of data between a living ecosystem and a fossil collection. In the case of the 
Gypsum Cave fauna an additional loss of data occurred between collection in 
1930 and my examination of the assemblage in 2003 and 2004. Modified from 
Clark and Kietzke (1967).
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CHAPTER 2
GEOLOGIC AND PALEOCLIMATIC SETTING  
Gypsum Cave Is located at an elevation of 1,903 ft (580 m) above sea level 
within the Frenchman Mountain structural block near the western shore of Lake 
Mead (Castor et al., 2000). The Frenchman Mountain block is composed of a 
thick stratigraphie section of Paleozoic, Mesozoic, and Miocene strata (Rowland 
et al., 1990). The Frenchman Mountain block is an allochthon that has moved 
more than 60 km west, along a series of strike-slip and normal faults, during 
regional Miocene extension (Rowland et al., 1990; Fryxell and Duebendorfer, 
2005). Gypsum Cave formed in an evaporite and red bed interval of the Woods 
Ranch Member of the Permian Toroweap Formation (Turner, 2003). The 
evaporate beds of the Woods Ranch Member contain laminae of vuggy 
limestone and dolostone. It is apparent that Gypsum Cave formed due to the 
dissolution of the gypsum, with minor amounts of limestone solution, which is 
indicated by the small number of speleothems.
At the time of the 1930 excavation, several speleothems existed in the cave 
(Figure 2.1), which are likely to have formed during wetter intervals of the 
Pleistocene (Harrington, 1933). Bones that were found near the spelothems 
contain small gypsum crystals, indicating that water occasionally pooled near 
these locations. Sometime between 1930 and today the speleothems have been
10
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destroyed by visitors. The walls and the ceiling of portions of Rooms Four and 
Five contain massive selenite crystals, some reaching up to a foot in diameter 
(Harrington, 1933).
(b) <<
Figure 2.1. (a) A stalagmite in Room Four, (b) A stalagmite between Rooms 
Four and Five. Unfortunately, these speleothems have since been destroyed. 
These photographs were taken during the 1930 excavation (Harrington, 1933).
The following discussion on the paleoclimate and paleobotany of Southern 
Nevada is summarized from Thompson (1984). Gypsum Cave is located in the 
Mojave Desert, which contains mostly desert shrubs such as creosote bush. 
Analysis of Packrat middens indicates that under full glacial conditions, 18,000 
rcybp, juniper, pihon pine, oak, sagebrush, shadscale, Morman tea, and Joshua 
tree were the dominant plant species in the Gypsum Cave area. A juniper xeric 
woodland community was dominant at elevations just above Gypsum Cave, 
within the 2,000-6,000 ft elevation zone. There is evidence that limber pines 
grew at an elevation of 5,500 feet in the northern Mojave Desert approximately
18,000 rcybp. The precipitation was nearly 30-40% greater than the current 
conditions, and the mean annual temperature was 12.5°C lower (Grayson, 1993).
11
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The late glacial environment, 12,000 rcybp, included an expansion of the 
desert tortoise and treeless desert scrub. A climatic and vegetational transition 
took place in the Mojave Desert, which allowed sagebrush and desert scrub to 
replace the juniper woodlands (Grayson, 1993). Arid conditions became more 
prevalent, and succulents and grasses became the dominant vegetation. The 
summer months had a greater amount of precipitation than occurs today.
In the early Holocene, 9,000 ybp, juniper grew at a lower elevation than it 
does today, indicating a cooler climate. Perennial streams with marshy areas 
existed in the early Holocene in the northern Las Vegas Valley approximately
8,000 ybp (Haynes, 1967). There is evidence that nearly 7,000 ybp there was a 
general trend toward aridification. Sagebrush and shadscale are the dominant 
plant species found in Holocene packrat middens of that age.
In summary, during the past 18,000 years the climate and vegetation at 
Gypsum Cave has varied from xeric woodland, with greater precipitation and 
cooler temperatures than today, to desert scrub and an increase in summer 
precipitation.
12
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CHAPTER 3
PREVIOUS RESEARCH 
The previous research on Gypsum Cave consists of (1) the 1930 excavation, 
(2) early studies on sloth dung, (3) taxonomy of the amphibians and reptiles, and 
(4) a DNA analysis of Shasta ground sloth dung.
The 1930 Excavation 
Gypsum Cave was excavated from January 20, 1930 to January 17,1931 by 
archaeologist Mark Harrington and paleontologist James Thurston. Thurston 
was an employee of Chester Stock at CalTech. Harrington identified five rooms 
within the cave (Figures 3.1 and 3.2). He dug a series of five trenches to 
excavate the material and to document the stratigraphie relationships between 
the fossils and the human artifacts (Figure 3.3). The documentation of the 
excavation was published in a 1933 monograph.
There are no surviving field notes or sketches by Harrington, so essentially all 
that is known about the excavation is from his published monograph. Thurston 
constructed five maps of the floor of Room Four, upon which he recorded the 
locations where various vertebrate fossils were discovered.
13
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These maps were discovered in the Gypsum Cave file of the LACM during 
this thesis research, and they were very helpful in reconstructing the taphonomic 
history of the bones from Room Four.
Material removed from trenches and pits was shoveled into piles adjacent to 
the excavation and then used for backfill. Summarized from Harrington’s 1933 
monograph. Appendix I contains a description of the five rooms of the cave and 
the most significant paleontological and cultural material found in each room.
I Room 6 i_
Room 3 y
Room 1
Room 2
f .i'
Room 4
Scale
0 50 ft.
Figure 3.1. Plan view of Gypsum Cave and its five rooms. Modified from 
Harrington, 1933, Figure 8. The entrance to the cave is through Room 2.
14
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Gypsum Cave 
Clark County, Nevada 
Profile and Cross 
Sections
Entrance
Trenches
renche (Harrington, 1933)
Figure 3.2. Profiles of the five rooms in Gypsum Cave. The entrance is a steep, 
rocky slope in Room Two. Room Four is the largest room in both area and 
height, and this is the room in which most of the remains of extinct mammals 
were found. Modified from Harrington, 1933, Figure 11.
Eariv Studies of Sloth Dung from Gypsum Cave 
Laudermilk and Munz (1935) analyzed the plants in two dung samples 
inferred to have been from Nothrotheriops shastensis (Shasta ground sloth) from 
Gypsum Cave. They used a light microscope to identify the plant tissues in the 
dung, thereby reconstructing the diet of the Shasta ground sloth, and also 
determining some of the plant species growing in the vicinity of Gypsum Cave in
15
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the Late Pleistocene. They concluded that the Shasta ground sloth diet 
consisted of yucca {Yucca baccate and Yucca mohavensis), cat-tail (Typha), and 
Agave, among other plant species. The plant assemblage that is represented in 
the dung is indicative of plants that currently flourish at an elevation 
approximately 1000 meters higher than that of Gypsum Cave, indicating a 
climatic shift since the Late Pleistocene to the more arid conditions that are 
present today.
Fossil Amphibians and Reptiles from Gvpsum Cave
A comprehensive study of the fossil amphibians and reptiles recovered from 
Gypsum Cave during Harrington’s excavation was conducted by Brattstrom 
(1954). Brattstrom identified fifteen species of herptofauna. Most of the 
amphibian and reptile fossils were found within the upper two feet of Room Two 
(entrance to the cave).
The species identified by Brattstrom include, leopard frog {Rana pipens), 
chuckwalla {Sauromalus obesus), collared lizard {Crotaphytus collaris), desert 
horned lizard {Phrynosoma platyrhinos), western whiptail {Cnemidophorus tigris), 
Gila monster (Heloderma suspectum), king snake {Lampropeltis getulus and 
Lampropeltis pyromelana), coachwhip {Masticophis flagellum), desert striped 
whipsnake (Masticophis taeniata), gopher snake (Pituophis cantenifer), western 
rattlesnake (Crotalus virdis), speckled rattlesnake (Crotalus mitchelli), western 
diamondback rattlesnake (Crotalus atrox), and desert tortoise {Gopherus 
agassizi). Of these fifteen species, three no longer occur in the vicinity of
16
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Gypsum Cave; Crotalus atrox, Crotalus virldis, and Masticophis taeniata 
(Brattsrom, 1954).
DNA Analvsis of Shasta Ground Sloth Dung
Hofrelter et al. (2000) and Poinar et al. (1998) conducted a molecular analysis 
of five fragments of Shasta ground sloth dung from Gypsum Cave. These 
samples were radiocarbon (AMS) dated to 11,005 + 100 rcybp, 11,080 + 90 
rcybp, 19,500 + 205 rcybp, 27,810 + 455 rcybp, and 29,205 rcybp, which places 
them within the mid-to-late Wisconsin glacial episode. DNA sequences of plant 
fragments from each dung fragment were identified and used to determine the 
diet of the Shasta ground sloths and also to reconstruct the climate of the Late 
Pleistocene in Southern Nevada.
During mid-Wisconsin (Last glacial interstade), 28,500 rcybp, the Shasta 
ground sloth diet consisted primarily of Capparales (mustard and cappers), 
Pinacea (pine), and Moreceae (mulberry). Currently in Southern Nevada, pine 
thrives at elevations of approximately 6,000 ft and higher, about 4,000 ft higher 
than Gypsum Cave (-2 ,000 ft asl). The existence of pine within the 28,500-year- 
old Gypsum Cave sloth dung indicates a colder, wetter climate at that time than 
at present.
The 20,000 year old dung contained Moraceae (mulberry), Capparales 
(mustard and cappers), and Lilliales (Yucca and Agave), however pine is virtually 
absent. The absence of pine suggests that the climate was becoming more arid.
17
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The dung from the Late Wisconsin (11,000 ybp) contained mostly 
Chenopodiaceae (saltbushes), Asteraceae, Lamiales (mint). Liliales (Yucca and 
Agave), and Capparales. This xerophytic assemblage indicates a warmer, more 
arid climate than 8,000 years earlier. Wild grape (Vitaceae) and cottonwood 
(Silicaceae) are also present in this dung, which indicates that Shasta ground 
sloths visited a source of perennial water, perhaps Gypsum Wash, approximately 
3km to the west of the cave.
DNA Analvsis of a Gvosum Cave Horse Bone 
Weinstock et al. (2005), analyzed DNA from a variety of Pleistocene horse 
species, including a specimen from Gypsum Cave. Over fifty fossil species of 
Pleistocene horse have been named throughout the Americas, and the purpose 
of their research was to use DNA analyses to reduce this down to a more 
plausible number and to determine evolutionary lineages. The results suggest 
that there may have been just two wide-ranging species of horses in the 
Pleistocene North America, Caballine (“true”) horses and “New World “stilt­
legged” horses. No species names have yet been proposed for these two 
species. Weinstock et al. (2005) identified the horse species from Gypsum Cave 
as a “New World stilt-legged” horse.
18
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CHAPTER 4
FAUNAL ANALYSIS 
Species Identification 
To identify the species of large mammals present in the Gypsum Cave 
assemblage, I made three trips (July 2003, November 2003, and January 2004) 
to the LACM to study the Gypsum Cave paleontological material. Prior to this 
study, the large mammal bones had not been cataloged, identified, or described 
(Figure 4.1). The reptile and amphibian material had been described, as 
discussed in Chapter 3. I did not include the small mammal remains in this 
study of Gypsum Cave since this study focuses on the large mammal 
assemblage. A description of each species and its preferred habitat is discussed 
in Appendix II.
Figure 4.1. An example of how the Gypsum Cave Collection was organized at 
the LACM prior to this study.
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The Museum’s Department of Vertebrate Paleontology contains analog 
skeletons of extant species of horse, sheep, and deer, which I used to identify 
the deer and bighorn sheep bones from Gypsum Cave. To identify ground sloth 
bones, I used Chester Stock’s monograph Cenozoic Gravigrade Edentates of 
Western North America (1925), as well as identified Shasta ground sloth bones 
in the LACM’s collection from San Josecito Cave in Nuevo Leon, Mexico. 
Analogs of Camelops hesternus and Hemiauchenia macrocephala were used 
from the Rancholabrean McKittrick Brea Collection at the LACM. Rancholabrean 
Equus sp. specimens from San Josecito Cave were used to aid in the 
identification of the horse bones.
I assigned a unique number to each bone that I identified, beginning with 1, 
and ending with 550. All of the large bones and large unidentifiable bone 
fragments were cataloged in this way, with the number attached to the bone with 
string. Following LACM protocol, I did not write any reference numbers on the 
bone itself. Small, unidentifiable bone fragments were not cataloged (Figure 
4.2).
During my first visit to the museum, in July 2 0 0 3 ,1 found the bones in sample 
trays (Figure 4.1). There were many original, yellowed, and partially illegible 
accession slips in the trays, but in most cases it was impossible to know which 
bone belonged with which slip. Almost all of the bones have CIT (California 
Institute of Technology) 109 written on them, which is CalTech’s Gypsum Cave 
collection number. Some of the bones also have a room number written on them 
(e.g., R4), and most of the bones collected from Room Four have a number that
20
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corresponds to a location on Thurston’s field map of Room Four. For example, a 
bone with “109 67 (M2)’’ written on it, means that the bone is from the Gypsum 
Cave Collection (109), and is represented by location number 67, on Map 2 of 
Room Four. With the exception of the bones that correspond to a location on 
one of Thurston’s Room Four maps, the location within the cave and the depth 
below the floor of the cave at which each bone was collected are unknown. Not 
all of the bones have a labeled room number. Figure 4.3 summarizes how many 
bones were found in each room of the cave. Of the 548 bones in the collection, 
338 (61%) are documented to have come from Room Four (Figure 4.3).
Figure 4.2. An example of the small bone fragments from the Gypsum Cave 
collection (less than 10 cm) that were not cataloged or identified.
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Figure 4.3. The distribution of bones in Gypsum Cave, based on Thurston’s 
original excavation maps and the bones that were labeled with a room number in 
the LACM collection.
Minimum Number of Individuals 
To determine the population dynamics of the Gypsum Cave assemblage, I 
conducted a minimum number of individuals (MNI) analysis. This method 
allowed me to determine the minimum number of individual animals of each 
species that is represented in the Gypsum Cave collection (Grayson, 1984, Klein 
& Cruz-Uribe, 1984). To determine the MNI of a certain species, I recorded the 
identified bone specimens into Microsoft Access Database by separate 
anatomical groupings, such as bighorn sheep metapodials. By using Microsoft 
Access Database, I was able to search and organize the collection accordingly. 
Because each sheep has two metatarsals, every two metatarsals represent at 
least one sheep. The calculated frequency of individuals present will represent 
the minimum number of each species present (Lyman, 1994). I used Microsoft
22
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Excel to display the relative abundance of each of the Gypsum Cave species in a 
pie diagram (Figure 4.4). I will use this MNI number in my interpretation of the 
paleobiology and population dynamics of the cave.
The Gypsum Cave large mammal assemblage includes the remains of at 
least 36 individuals distributed among ten species, five of which are now extinct. 
The preferred habitat of each species gives insight into the ecology and climate 
of Southern Nevada in the Late Pleistocene to Holocene. A description of each 
species and its inferred habitat is provided in Appendix II. The results of the MNI 
analysis are presented in Table 2 and summarized in Figure 4.4.
Table 2. Results of MNI Analysis
Species Common Name MNI
Juvenile Adult
Order Artiodactyla
Hemiauchenia macrocephaia stilt-legged llama 1 2
Cameiops hesternus Western camel 1 1
Ovis canadensis Bighorn sheep 1 8
Odocoiieus hemionus Mule deer 1 4
Order Perissodactyla
(undifferentiated)
Equus sp. 1
(cf. Equus occidentaiis) 1 4
Equus sp. 2
(cf. Equus conversidens or
Equus hemionus)
Order Xenartha
Nothrotheriops shastensis Shasta ground sloth 2 4
Order Canivora
Urocyon cinereoargenteus Gray fox 0 1
Vulpes macrotus Kit fox 0 4
Family Felidae
Lynx rufus Bobcat 1 0
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Minimum Number of Individuals (MNI) Recorded at Gypsum
Cave, Nevada
■  Hemiauchenia macrocephala
□  Camelops hesternus
■  Ovis canadensis
□  Odocoiieus hemionus
■  Equus sp.
□  Nothrotheriops shastensis
■  Urocyon cinereoargenteus 
B  Vulpes macrotus
■  Lynx rufus________________
Figure 4.4. Pie-chart displaying the relative abundance of individual species 
found at Gypsum Cave, in terms of MNI.
Number of Identified Specimens 
The number of identified specimens (NISP) of each species is simply a 
tabulation of all of the bones and bone fragments from each species in the 
collection. This number helps to distinguish between species whose remains 
were transported into the cave from those that died in the cave. For example, if 
only two camel bones (low NISP) are found in a cave, it is likely that the 
creature’s remains were transported into the cave. On the other hand, if the 
entire skeleton of a camel (high NISP) is present in a cave, it is likely that the 
organism died in the cave.
There are two drawbacks to this method: (1 ) a collection of fragmented 
bones, such as the Gypsum Cave collection, will have a higher NISP than will a 
comparable collection in which the bones are unfragmented; and (2) this method 
ignores the fact that some species have more bones than others (Klein, 1984).
24
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To determine the NISP for each species in the collection, I cataloged all of the 
identifiable bones and bone fragments and totaled how many bones of each 
species are present. The NISP analysis for the Gypsum Cave Collection is 
summarized in Figure 4.5;
Number of Identified Specimens (NISP)
180
w 120
 ̂ 100
Species
Figure 4.5. The number of identified specimens (NISP) of each species 
found in Gypsum Cave.
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The most represented organisms include Shasta ground sloth and bighorn 
sheep, which together account for 55% of all of the identified bones in the 
collection. Shasta ground sloths are inferred to have utilized caves for shelter 
(Rowland and Needham, 2000). Bighorn sheep inhabit rocky areas and have 
inhabited the Gypsum Cave vicinity since at least the Late Pleistocene. It is likely 
that the bones of the other herbivorous mammals were transported into the cave 
by carnivores. I explore this topic in greater detail in Chapter 9.
Minimum Number of Elements 
Determining the minimum number of skeletal elements (e.g. sloth femurs) is 
significant for the purpose of identifying the mode of bone transport into the cave 
(Marean and Spencer, 1991). If mostly limb elements are represented in the 
cave, it is likely that the bone accumulation was caused by an outside vector 
(such as a predator). The presence of skeletal elements representing an entire 
skeleton, on the other hand, would indicate that an organism died in the cave.
To determine the MNE for each species, I cataloged each identifiable bone in the 
Gypsum Cave collection and used Microsoft Access to separate the bones into 
anatomical groupings (e.g., tibiae, metapodials, etc.). The results are tabulated 
in Table 3.
26
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Table 3. Results of MNE Analysis*
(He= Hemiuachenia macrocephala', Ca= Camelops hesternus; Eq=Equus 
species: No=Nothrotheriops shastensis', Ov=Ows canadensis: Od= Odocoiieus
Bone
Element
He Ca Eq No Ov Od Ur Vu Ly Total
Radius 2 5 1 9 1 18
Tibia 1 2 8 1 4 7 23
Humerus 4 4 10 18
Femur 3 3 1 7
Metatarsal 2 1 3 6 5 1 18
Metacarpal 10 4 8 22
Metapodial
(undiff.)
1 1 3 4 2 11
Ulna 7 1 8
Fibula 2 2
Patella 1 1
Limb bone 3 1 4 2 5 1 16
Phalanx 1 2 3 1 2 3 9
Phalanx II 1 2 3 6
Phalanx III 3 3 6
Epiphysis 2 1 3
Astragalus 1 1 4 1 5 1 13
Cunniform 1 1
Navicular 1 1
Cuboid 1 1
Calcaneous 4 2 4 2 12
Pelvis 5 4 8 17
Sacrum 1 1
Innominate 2 1 3
Vertebra 12 13 38 41 8 112
Rib 41 4 45
Hemapophysi
s
2 2
Axis 2 2 5 3 12
Atlas 3 9 12
Scapula 1 5 4 2 12
Mandible 5 3 4 9 1 1 23
Maxilla 1 3 1 3 1 9
Skull 1 1 3 1 6
Horn Core 7 1 8
This table does not include unidentifiab e bones or bone fragments.
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The most common bone elements In the cave are limb bones (radii, tibiae, 
metapodials), vertebrae, and ribs. A majority of the ribs and vertebrae found in 
the cave belong to Shasta ground sloths. Of all of the species found in the cave, 
the most complete skeleton represented is that of the Shasta ground sloth.
Interpretation of MNI and MNE Data 
Gypsum Cave apparently represents both a passive and active accumulation 
of bones. The MNE and MNI values indicate that the only species that actually 
died in the cave were ground sloths and bighorn sheep. The presence of nearly 
complete bighorn and sloth skeletal remains suggests that these species utilized 
the cave for shelter. The remains of horses, llamas, and camels were all actively 
brought to the cave by outside vectors, such as predators and scavengers. One 
exception is the remains of a desiccated kit fox, which was apparently killed and 
buried when the cave roof collapsed.
Spatial Distribution 
The discovery during this study of James Thurston’s five hand-drawn, 
overlapping maps of the Room Four bone locations allowed me to analyze the 
spatial distribution of skeletal elements. It appears that, as each bone was 
excavated (in Room Four only), Thurston plotted its location on a map; he 
assigned the bone a number that corresponds with an identification key on the 
margin of the map. I copied these maps into Adobe Illustrator format and pieced 
them together. Several wooden stakes that were used as reference points
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during the excavation were labeled on both Thurston’s excavation maps of Room 
Four and on Harrington’s (1933) map of the cave (Figure 4.6). This allowed me 
to reconstruct the relative position of each of Thurston’s five maps.
Thurston constructed his maps on graph paper, so I was able to create a 
copy of the map in Adobe Illustrator to represent where each bone was found 
(Figure 4.7). I used colors and symbols to represent different species. By 
observing the distribution of different colors and symbols on the composite map, I 
was able to test hypotheses about various modes of post-mortem bone dispersal.
After an animal dies, its tendons decompose and the skeleton disarticulates. 
If the bones lie undisturbed, the entire organism should be present in the same 
general vicinity of the cave. If the bones of an individual animal are dispersed 
throughout the cave, the bones have been transported after death. There are 
several possible modes of dispersal, including movement by gravity down-slope, 
transport by water, dispersal by trampling of organisms, and scavenging (Lyman, 
1994).
If the remains of an entire animal are found within the same vicinity within the 
cave, it is likely that the creature either died in the cave or the entire carcass was 
brought into the cave after death. If, on the other hand, the bones of an animal 
are scattered about the cave, then dispersal has taken place.
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Figure 4.6. A topographic map of Gypsum Cave prior to the excavation. The trenches, test pits, and stakes 
are shown in each of the rooms. The contour interval is 2 ft. From Harrington (1933).
I used my composite of Thurston’s maps to examine the spatial distribution of 
bones excavated from Room Four. In the legend, Thurston recorded the species 
identification of each bone, when possible, and whether the bone was burned. 
The two species of horse are not distinguished in the legend, nor are the llama 
and camel bones differentiated. Thurston determined the location of each bone 
in relation to the wooden survey stakes that were driven into the floor of the cave 
(Figure 4.6). The stakes were located in a straight line, fifty feet apart. The 
locations of the excavation trenches, large rocks, cave walls, boundaries of 
burned and unburned sloth dung, landslide debris, and excavated dirt mounds 
were also shown on the map.
Figure 4.8 shows the distribution of burned bones which are represented by 
black symbols. The digital maps (Figure 4.7 and 4.8) permitted me to view the 
distribution of the bones of each species separately, and to view the distribution 
of burned and un burned bones.
Interpretation of Spatial Distribution 
The bones were dispersed throughout the central portion of Room Four 
(Figure 4.7). By comparing the locations of the bone clusters with Harrington’s 
contour map of the cave floor (Figure 4.6), it becomes obvious that the bones 
accumulated in the lowest portions of the room. This is likely due to gravitational 
settling of the remains and downslope movement during trampling by other 
animals, possibly including humans.
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Figure 4.8. Location of the burned bones in Room Four.
Most of the burned bones in Room Four were located in the central and 
northwestern portions of the room (Figure 4.8). It is likely that these bones 
represent a single stratigraphie layer that was at or near the surface when the 
sloth dung burned. These burned bones are located in topographic 
depressions. Due to gravitational settling, these areas would accumulate more 
sloth dung and would be more likely to burn.
Summarv and Interpretation of Faunal Analvsis Data 
The faunal analysis presented in this chapter indicates the following:
(1 ) The Gypsum Cave large mammal assemblage includes ten species, five 
of which are now extinct.
(2) A minimum of 36 individual animals are represented in the Gypsum Cave 
large mammal assemblage. Eight of the individuals represent juveniles. 
Two thirds of these individuals represent sloths and artiodactyls.
(3) Most of the remains were recovered from Room Four, the largest room in 
the cave and the room with the most dung.
(4) The most common bone elements in the cave are limb bones, vertebrae, 
and ribs.
(5) The MNI and MNE values indicate that both active and passive processes 
contributed to the accumulation of bones in the cave.
(6) The bones in Room Four were dispersed throughout the central portion of 
the room, which coincides with topographic depressions in the cave floor.
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CHAPTER 5
AGE OF THE GYPSUM CAVE FAUNA 
Radiocarbon dating is an analytical technique that has led to great advances 
in many scientific fields, most notably Pleistocene paleoecology and 
archaeology. The theory of the existence of radiocarbon in organic matter was 
first hypothesized by Willard Libby. In 1949, Libby published a short paper on 
the radiocarbon ages of a few materials, the ages of which were already known 
from historical records, signifying the success of his theory (Libby, 1949). Since 
this document was published, the techniques and accuracy of radiocarbon dating 
have been significantly improved.
The age of the Gypsum Cave megafauna is an important aspect of testing 
the hypothesis of Paleo-lndian interaction with these animals. If the fauna is 
young enough to overlap with Paleo-lndian presence in North America, it is at 
least possible that these people interacted with the megafauna in the vicinity of 
the cave. However, if the age of the fauna is older than Paleo-lndian presence in 
North America, the hypothesis that they interacted at the cave is falsified. It is 
important to obtain additional radiocarbon dates from the mammal remains and 
archaeological material from the Gypsum Cave collection in order to test this 
hypothesis.
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Datable Material
Radiocarbon dating uses the radioactive decay of therefore datable 
material must contain carbon. Organic material is the most common material 
dated because inorganic carbon (such as soil carbonate) is complicated by 
diagenesis (Currie, 2004).
The age limit for radiocarbon dating is dependent on the equipment used for 
analyses, but typically the oldest datable material is approximately 40,000 years 
old (Bowman, 1990). After 40,000 years, the radioactive decay of ^̂ *C levels off 
at a very low level that is not possible to accurately measure.
When dating bone it is carbon in collagen (a protein), rather than carbon in 
carbonate carbon, that is dated. Burned bone is usually undatable because 
protein degrades at high temperatures (Bowman, 1990). In a bone that has 
burned, typically all that remains is calcium carbonate. Bones that were burned 
under oxidizing conditions are particularly unsuitable for dating because the 
organics are lost during heating. Such bones are typically light gray to white and 
are low in density (Bowman, 1990). Bones that were burned under reducing 
conditions may still be datable because the bone becomes carbonized while 
heated, preserving the organic component (Bowman, 1990). Such bones are 
typically black and relatively dense.
Techniques
The most modern and widely used radiocarbon dating technique used today 
is accelerator mass spectrometry (AMS). AMS measures the number of atoms
36
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present, so only a few tens of milligrams of sample are needed to complete the 
process (Currie, 2004). The underlying principle of AMS is that isotopes can be 
detected by their atomic mass (mass spectrometry), however normal mass 
spectrometers are not sensitive enough to detect (Bowman, 1990). In the 
1970’s AMS was developed in which a magnetic field is used to deflect the path 
of charged particles. Heavy particles are deflected less than lighter particles, 
thus allowing the instrument to distinguish between different isotopes of carbon. 
The small sample size required for this technique is a great advantage; however, 
the relatively high cost is a drawback.
AMS "̂̂ 0 Dating Procedures and Visit to the 
Universitv of Arizona AMS Lab 
University of Arizona Professor Emeritus, Paul Martin, became interested in 
my research, and he kindly arranged for the University’s AMS lab to date some of 
my samples at no cost, with the agreement that I would help prepare them. I 
choose six bone samples in consultation with the LACM staff. These bone 
samples include: a Camelops tibia (specimen 12), a Nothrotheriops shastensis 
radius (specimen 423) and femur (specimen 543), an Ovis candensis metapodial 
(specimen 548), an Equus metapodial (specimen 255), an Odocoiieus hemionus 
tibia (specimen 16). In addition to the six bone samples, I brought a wooden 
atlatl dart shaft (Harrington’s specimen 6F922) which I borrowed from the 
Southwest Museum. Under the direction of the lab’s staff, I followed the following 
procedures, adapted from Longin (1971) and Brown (1988).
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The first step was to clean the surface of the bone with a hand-held Dremmel 
grinding tool. I cleaned off the first few millimeters by removing the outermost 
bone surface. The next step was to create 500 mg of fine bone powder to 
analyze. This was also done with a Dremmel grinding tool. It was important to 
select a good place on the bone to obtain the sample. Only dense bone can be 
used for dating; the spongy center of the bone cannot be used. It is also 
important to pick a section of the bone that is not cracked, because contaminants 
are more likely to occur in cracks.
The next step was to demineralize the bone with 0.25 N of HCI for 1-3 hours. 
The HCI was run through the sample in cycles and then rinsed with water to 
neutralize the pH. With datable bone, this process produces a white, gel-like 
substance which is the bone collagen. Of the six bone samples, this gel-like 
substance was obtained from only one bone, the Nothrotheriops shastensis 
radius. This was the only sample that had a fibrous texture when drilled.
Then, approximately 100 mg of the demineralized substance was placed in 5- 
10 ml of a 0.01 N solution of HCI in a covered test tube. This mixture was placed 
in a 60°C water bath overnight. This procedure “unwinds” the protein into its 
constituent amino acids. The solution was then filtered in order to remove 
insoluble material. The filtered solution was poured into a beaker and freeze 
dried. The freeze-dried substance was fluffy, cotton-candy-looking collagen. 
Some of my burned bone samples yielded small specks of crystals rather than 
fluffy collagen; these bones were not datable. The collagen was then weighed 
and combusted in the mass spectrometer.
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Results
I attempted to date six different Gypsum Cave bones and one atlatl foreshaft; 
however, complications prevented me from successfully dating most of them. 
Unfortunately, all of the bones that I selected were burned, except for the 
Camelops tibia. The Ovis canadensis tibia appeared to be burned only at the 
distal end, so I attempted to obtain datable material from the shaft of this bone, 
which appeared unburned. However, beneath the top few millimeters, this portion 
of the bone was also blackened and burned.
The un-datable bones include the camel metapodial, the bighorn metapodial, 
and the deer tibia. The camel metapodial was covered with preservative 
chemical; I drilled beneath the preservative to recover uncontaminated bone, 
however I was unable to obtain enough collagen to date. The bighorn 
metapodial and deer tibia were both burned and did not contain enough datable 
organic material. The deer tibia did not appear burned, but as I drilled into the 
shaft of the bone, it was also blackened just under the surface.
I obtained successful dates from two items, a sloth femur (specimen 543) and 
the atlatl dart foreshaft. The single successful bone date came from a femur of 
Nothrotheriops shastensis (Figure 5.1). This bone was slightly burned, but it was 
very fibrous and soft. The date on the atlatl foreshaft came from organic sinew 
that was wrapped around the end of the wooden foreshaft, specimen 6F922 of 
Harrington (1933) (Figure 5.2). The sloth femur yielded a date of 23,040 +/- 430 
radiocarbon ybp (Late Pleistocene), while the atlatl sinew yielded a date of 3,540 
+/- 80 radiocarbon ybp (Late Holocene).
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Figure 5.1. Portion of a sloth femur (specimen 543), which yielded a date of 
23,040 + 430 rcybp.
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Figure 5.2. Atlatl dart foreshaft (Harrington’s specimen 6F922). Note sinew that 
is wrapped around the tapered end of the shaft. This sinew was dated to be 
3,540 + 80 rcybp.
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Discussion of Radiocarbon Dates 
Table 4 lists the radiocarbon dates obtained from Gypsum Cave material to date.
Table 4. Radiocarbon Analyses of Gypsum Cave Material
Date Obtained 
(rcybp)
Material Dated Method Source
33,910+/-3,720 Sloth Dung Conv. FaunMap
29,205 Sloth Dung AMS Hofreiter et al., 2000
27,810+/-455 Sloth Dung AMS Hofreiter et al., 2000
25,000+/-810 Horse Hoof Conv. FaunMap
23,700 +/- 1,000 Sloth Dung Conv. FaunMap
23,040 +/- 430 Sloth Femur AMS This Study
21,470 +/-760 Sloth Dung Conv. Thompson et al., 1980
19,500 +/- 205 Sloth Dung AMS Hofreiter et al., 2000
13,310 +/-210 Horse Hoof Conv. FaunMap
13,000 Horse AMS Weinstock et al., 2005
11,690+/-250 Sloth Dung Conv. FaunMap
11,360 +/-260 Sloth Dung Conv. FaunMap
11,080+/-90 Sloth Dung AMS Hofreiter et al., 2000
11,005 +/- 100 Sloth Dung AMS Hofrieter et al., 2000
3,540 +/- 80 Atlatl shaft sinew AMS This Study
2,400 +/- 60 Wooden stick from 
fire pit
Conv. Heizer and Berger, 1970
Conv. = conventional scintillation technique. AMS = Accelerator mass spectrometry.
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The dates of non-human remains range from 33,910 +/- 3,720 to 11,005 +/- 
100 rcybp. This time span reflects the Late Pleistocene Epoch. The Late 
Pleistocene correlates with the Wisconsin Glaciation and the Rancholabrean 
Land Mammal Age (Kurten and Anderson, 1980).
The radiocarbon record of Gypsum Cave shows a lack of dated material 
between the ages of 13,310 and 19,500 rcybp. There are two possible 
explanations for this time gap. It may be due to insufficient data. If more bones 
and dung from Gypsum Cave were dated, dates from this time span may be 
found. Alternatively, the lack of dates between 13,310 to 19,500 rcybp may be 
linked to vegetational and climatic patterns of this period. According to Grayson 
(1993), between 19,000 and 12,000 ybp, woodlands of juniper and pihon were 
common throughout the Mojave Desert from elevations of 2,000 to 6,000 feet 
above sea level. Many of the Pleistocene animal species represented in the 
Gypsum Cave fauna preferred open habitats with low-lying vegetation and 
grasses (llama, horse, camel, sloth, see Appendix II).
According to Spaulding (1995), Gypsum Cave contains the only Shasta 
ground sloth radiocarbon date that corresponds with the Last Glacial Maximum in 
all of western North America (21,470 + 760 B.P.). More recently, Hofreiter et al. 
(2000) published a radiocarbon date of 19,500 rcybp (Table 4). Spaulding 
suggested that since the Shasta ground sloth is a neotropical species, the cold 
winter temperatures may have driven the species southward. The available 
radiocarbon dates are consistent with the interpretation that Shasta ground sloths 
occupied Gypsum Cave during the beginning of the Glacial Maximum and then
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abandoned the cave approximately 19,500 ybp. According to Spaulding, Shasta 
ground sloths reoccupied nearby Rampart Cave, AZ approximately 14,000 years 
b.p. during a northward expansion as a result of warmer winters after the glacial 
maximum (Spaudling, 1995). This may have also been the case at Gypsum 
Cave, as radiocarbon dates indicate the Shasta ground sloth returned to the cave 
around 13,310 rcybp.
The radiocarbon age of the atlatl foreshaft (Specimen 6F922), together with 
earlier published dates of artifacts (Heizer and Berger, 1970), does not support 
Harrington’s conclusion of extinct megafauna and human co-existence in the 
cave. Atlatl foreshaft 6F922 was excavated by Harrington beneath layers of sloth 
dung (Figure 5.3). According to the Law of Superposition, the artifact should be 
older than the dung that overlies it; however this is not the case.
- a
Figure 5.3. Photograph of the atlatl dart foreshaft (Specimen 6F922) 
excavated during the 1930 excavation and dated in this study to be 3,540 + 80 
rcybp. (Harrington, 1933 Figure 45)
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There are a couple possible explanations for the mixed stratigraphy. The 
The condition in which the artifact was deposited is unknown. However it may 
have been purposely buried in the dung. According to Bird (1988), this was the 
case in several caves in Southern Chile. Humans commonly use fossil material 
for tools and/or fuel; therefore, it is common to find human artifacts intermixed 
with fossil material of a different age. Also, human-excavated pits (for fire-pits, 
etc.) almost always include material from layers into which the pits are dug. In 
the case of the Holocene atlatl dart-shaft that is intermixed with Pleistocene sloth 
dung, it is probable that the natives had either dug fire-pits or buried 
tools/weapons into the dung layer for protection from outsiders, thus 
incorporating the atlatl dart shaft in with the much older sloth dung. Harrington 
(1933) described that campfire pits and artifacts were found beneath extinct Late 
Pleistocene ground sloth dung in Gypsum Cave. Another possible explanation 
for the inverted stratigraphy is bioturbation by rodents. Harrington observed 
many packrat middens in Gypsum Cave that contained the bones of extinct 
mammals.
Summarv of Radiocarbon Dates 
The age of the Gypsum Cave megafauna spans from approximately 33,910 
rcybp to 11,005 rcybp. Since humans arrived in North America around 11,500 
rcybp (Grayson, 1993), there is an overlap of approximately five hundred years 
between the presence of Paleo-lndians in North America and the Pleistocene 
megafauna at Gypsum Cave. Thus the age of the Gypsum Cave fauna is
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consistent with the hypothesis that humans interacted with these animals at the 
cave. However, no cultural artifacts from Gypsum Cave date beyond 3,500 
rcybp, so evidence of human-megafauna interaction will have to come from other 
types of analysis.
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CHAPTER 6
BONE SURFACE MARKS 
Some of the Gypsum Cave bones contain linear, discontinuous scratches and 
lines. To determine whether these marks were created by human-made tools, I 
examined small portions of selected bones with a scanning electron microscope 
(SEM). Carnivore gnaw marks are smooth and U-shaped in cross-section, 
whereas human-induced tool marks are either flat and striated or smooth and V- 
shaped, depending on the tool that was used (Figure 6.1) (Shipman, 1981). Cut- 
marks typically occur in sets of subparallel shallow V-shaped grooves (Lyman, 
1994). They can easily be distinguished from tooth marks, which are typically U- 
shaped and rounded in cross-section. As a result, theoretically, tooth marks 
should be easily distinguishable from cut-marks.
I selected bones with conspicuous linear marks on them, and I cut off small 
squares of these bones (approximately two cm on a side) with a Dremmel hand 
saw, leaving the area of interest in the center of the cut-off section. Sample 
preparation included drying the bone sample in a large vacuum chamber, then 
sputter-coating it with gold for approximately sixty seconds. I then attached each 
sample to a small platform with carbon tape and placed the loaded platform into 
the UNLV Geoscience Department’s Jeol-5600 SEM. I used the resulting 
images to distinguish marks that were produced by human activities from those
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produœd by either nonhuman carnivores or post-mortem transport. The bones 
that were analyzed with the SEM include one deer tibia, one sloth rib, and four 
unidentifiable long bones.
(a)
(b)
Figure 6.1. (a) A human-induced tool-mark observed with an SEM. Note that it 
is flat and striated, likely from a bone tool, (b) A carnivore tooth mark observed 
with an SEM. Note that it has a U-shaped cross-section. From Shipman (1981).
47
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
The following is a description and interpretation of each of the samples that I 
examined.
Specimen 342 is an unidentified long bone that was calcined (heated to such 
high temperatures that moisture is released, leaving a white/gray bone) and 
broken on both the proximal and distal ends (Figure 6.2a). The bone surface 
contains a series of small parallel lines that run perpendicular to the long axis of 
the bone. In the SEM, the parallel lines appear to be small striated scratches 
(Figure 6.2b). I interpret these marks to be the result of trampling since they are 
on the shaft of the bone and occurred when the bone was dry.
Specimen 547 is a sloth rib that contains many small indentations in the 
center (Figure 6.3a). In the SEM, the marks are rounded and U-shaped in cross- 
section and are clustered in one area (Figure 6.3b). Some of the marks contain 
jagged edges, while others are smooth and they start and end abruptly. Such 
features are characteristic of bones that were trampled by other animals. 
Therefore, I interpret these to be trample marks.
I interpret the marks with sharp and linear edges (specimens 547, 342) to 
represent scratch marks made on dry bone. According to Fiorillo (1989), trample 
marks typically appear as sets of shallow, subparallel scratch marks on the shaft 
of a bone. They can resemble cut marks, however cut marks are typically 
produced around sites of ligament attachment at the epiphyseal end of a bone 
(Fiorillo, 1989). The marks on the calcined long bone (specimen 342) appear 
very similar to human-induced cut-marks; parallel, flat, and striated (Figure 6.1). 
According to Fiorillo (1989), trample marks are much more common in
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environments with rocky or sandy substrates because the pressure created by an 
ungulate foot is enough force to scratch the bone. Gypsum Cave has a rocky 
substrate resulting from roof collapse. The marks on specimen 342 are very fine 
and are located on the shaft of the bone. Their size indicates that they were 
probably created after the bone was dry, in response to an external force such as 
trampling (Figure 6.4).
(a)
(b)
Figure 6.2. (a) Specimen 342, a calcined, fractured, long bone that exhibits fine 
parallel scratch marks. Scale is divided into 0.5 cm intervals, (b) SEM image of 
scratch marks on specimen 342. Magnification x 80. .
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Figure 6.3. (a) Sloth rib with indentations (specimen 547). See also Harrington, 
1933, Figure 41. Black rectangles closest to the bone are one cm long.
(b) Scanning electron micrograph of mark on sloth rib (specimen 547). Although 
Harrington (1933) described these as “cut-marks,” I interpret them to be trample 
marks. Magnification = x 45.
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Figure 6.4. Scanning electron micrograph of a groove on a cow bone created by 
trampling in an experiment. This mark is very similar to cut-marks since it is flat 
and striated. The scale bar represents 100 microns. From Fiorillo (1989). This 
groove is very similar to the grooves in specimen 342 from Gypsum Cave.
Specimens 506 (Figure 6.5a) and 545 (Figure 6.5b) are both fourth left 
metatarsals of Shasta ground sloths. Both exhibit anomalous deep grooves that 
appear similar to human-induced tool marks. Specimen 506 contains a deep 
linear groove on the distal portion of the metatarsal (Figure 6.5a), while specimen 
545 contains three parallel grooves on the shaft of the metatarsal (Figure 6.5b). 
These marks are too large to be examined with the SEM. Through a binocular 
light microscope they appear broad and U-shaped.
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Figure 6.5. (a) Specimen 506, a left metatarsal IV of a Shasta ground sloth. Note 
deep groove on the distal end. (b) Specimen 545, another left metatarsal IV of a 
Shasta ground sloth. Note three parallel grooves within the shaft of the bone. 
This bone appears to have been recovered from a packrat midden within 
Gypsum Cave.
In December 2004, my thesis advisor. Dr. Stephen Rowland, showed these 
metatarsals to Dr. Gary Haynes (UNR Anthropology Professor), an expert on 
butchery marks at archaeological sites. Haynes opined that the grooves on 
these bones are definitely not cut marks, but he was unable to identify them. He 
could not rule out the possibility that they are marks made by butchering wedges.
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but he was not inclined to interpret them as the product of human butchery. Dr. 
Rowland later discovered that many fourth metatarsals of Shasta ground sloths 
in the San Josecito Cave collection (LACM) display very similar grooves. The 
San Josecito assemblage is approximately 30,000 years old and unequivocally 
predates a human presence in North America. Apparently, the Shasta ground 
sloth had a tendon that passed across the fourth metatarsal and left a groove-like 
tendon track on the bone. Thus the hypothesis that these grooves record human 
butchering of Shasta ground sloths at Gypsum Cave has been effectively 
falsified. The fact that the grooves are so deep on the Gypsum Cave specimens 
suggests that these two animals were relatively old when they died.
Specimen 277 is an unidentified long bone that contains small parallel 
indentations perpendicular to the long axis of the bone (Figure 6.6a). When the 
small markings were observed with the SEM it is apparent that they are rounded 
in cross-section and jagged on the sides (Figure 6.6b).
Specimen 23 is a deer tibia that is smoked on both the proximal and distal 
ends (Figure 6.7a). The proximal end of the bone appears to have been 
gnawed-off and contains abundant indentations. The SEM image (Figure 6.7b) 
shows the indentations to have a U-shaped cross-section and to be deep and 
abrupt. The edges of the indentations are rough. All of these features are typical 
of gnaw marks and not characteristic of marks made by human tools.
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I interpret the rough, U-shaped grooves (specimens 277, 23) to represent 
carnivore bite or gnaw marks which were created on green bone. The bones that 
have gnaw marks on them also have scratch marks with rough edges that 
represent broken collagen bundles. This indicates that the bone was fresh when 
the mark was made. Specimen 277 appears to have been made by a rodent. 
Rodent gnaw marks are typically perpendicular to the long axis of the bone and 
are characterized by broad, shallow, flat-bottom grooves (Marshall, 1989).
(a)
Figure 6.6. (a) This long bone (specimen 277) exhibits very fine parallel 
indentations on the shaft of the bone, (b) Groove on specimen 277 as observed 
with an SEM. The mark exhibits a rough edge, which indicates that it was 
created when the bone was still green. Magnification x35.
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Figure 6.7. (a) Specimen 23, proximal end of a smoked deer tibia. Note scratch 
marks. These scratches are typical of gnaw marks, (b) SEM image of specimen 
23. Note the U-shaped cross-section and rough edges. Magnification x 35. I 
interpret this to be a carnivore tooth-mark on green bone.
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Carnivore Damage 
The SEM analysis leads me to conclude that many of the scratch marks on 
the bones from Gypsum Cave are the result of gnaw marks. At least thirty-seven 
bones within the collection have conspicuous grooves and pits that I interpret to 
be tooth punctures and deep gnaw-marks.
The bones that display the most carnivore damage include unidentifiable, 
fragmented limb bones, metapodials, and humeri (Figure 6.8). The carnivore 
damage is most commonly located at the epiphyseal ends of the limb bones.
Mammal Bones with Gnaw-Marks
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Figure 6.8. Number and type of bones from Gypsum Cave that display carnivore 
damage.
It is not likely that the gnaw marks are human induced. According to Lyman 
(1994), the only confirmed human-induced gnaw marks found on mammal bones 
are on softer bones, such as the ischium.
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What Carnivores Created the Bone Damage?
Haynes (1980,1983) conducted a study to determine how various carnivores 
damage bones in patterned ways. I have used the results of his study to help me 
determine what carnivores were actively accumulating bones in Gypsum Cave. 
Several large carnivores were studied in Haynes’ study including wolf and 
scimitar cat {Homotherium). A summary of the damage created by carnivores is 
listed in Table 5.
Table 5. Summary of Typical Bone Damage
Caused by Canids and Fe ids
Damage Type Canids Felids
Tooth Marking on compact bone 
5= most expected 
1 = least expected
3 1-0
Grinding vs. biting through 
5= mostly grinding 
1 = mostly biting through
2 1
Tooth impression shape in trabecular bone 
3= cone
1 = elongated v-shape
3 1
I — V  _______________
Modified from Haynes (1983)
According to Haynes (1980), wolf damage is typically represented by furrows 
transverse to the long axis of the bone, or splintering, short nicks, and single 
grooves. The bones that are most frequently collected by wolves include the 
scapula, humerus, ulna, radius, femur, tibia, and metapodials. The typical 
damage produced by wolves is summarized in Table 6, along with photographs 
of bones from Gypsum Cave that I interpret to be damaged by carnivores.
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Table 6. Typical Bone Damage Caused by Wolves (Haynes, 1980) 
__________with Examples from Gypsum Cave_______________
Bone
Scapula
Humerus
Ulna
Damage caused by wolves
Splintering, fracturing, round 
toothmark holes
Heavily damaged proximal ends
Removal of proximal end
Example from Gypsum Cave
No known examples
Radius May or may not be utilized, if it is 
damaged it may represent 
scavenging by other mammals
No known examples
Femur
Tibia
Gouging of distal condyles, proximal 
end may be removed
Entire proximal end removed, rarely 
distal
Metapodials Split lengthwise; pitting and 
scratching on distal ends
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Haynes (1983) also examined typical bone damage on the prey of 
Homotherium, the second most abundant large carnivore in North America 
during the Late Pleistocene. This predator typically devoured the meat from a 
whole carcass, rather than selecting certain types of bones to separate from the 
carcass. According to Haynes (1983), most of the Pleistocene big cats were 
flesh eaters that did not consume bones or leave gnaw marks. Whatever 
predators inhabited Gypsum Cave mostly carried limb elements into the cave. 
Because this is not a characteristic behavior of felids, I conclude that felids were 
not the predators that were responsible for bringing most of the herbivore bones 
into Gypsum Cave. There is no paleontological evidence of Homotherium in 
Southern Nevada; however a large felid, Panthera atrox, the American lion, was 
present (Mawby, 1967).
The remains of a young bobcat {Lynx rufus) are among the bones found in 
Gypsum Cave. Bobcats, like all felids, are not “bone chewers” like canids. It is 
possible that some of the herbivore bones were brought into the cave by a 
bobcat, however bones with gnaw-mark damage are indicative of canid damage. 
Bobcats are known to use dens for protection and birthing (Elms, 1986), and 
since the remains of a young bobcat were found in Gypsum Cave, it is likely that 
the cave has been used by a bobcat and her offspring.
The carnivore damage on the Gypsum Cave bones is most similar to that 
produced by canids. This damage includes tooth markings, bones that have 
been bitten through and ground, and cone-shaped tooth impressions (Table 6).
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An oddity concerning the Gypsum Cave assemblage is that there is a general 
lack of predator remains. The only predator remains in the cave are those of kit 
fox, gray fox, and bobcat (juvenile). Foxes typically feed on rodents and other 
small mammals, and bobcats typically prey on small mammals and ground birds 
(Emslie and Morgan, 1995). The presence of large limb bones of mega­
herbivores, some of which have gnaw marks on them, suggests that some other 
predator(s) utilized Gypsum Cave.
The remains of large carnivores are very poorly represented in Southern 
Nevada, generally. There are no records of dire wolf {Canis dims), short-faced 
bear {Arctodus simus), or saber-tooth cat {Smilodon sp.) (Spaulding, 1995). On 
the other hand, there are a few occurrences of large felines in Southern Nevada. 
The remains of American Lion {Pathera atrox) have been recorded from Tule 
Springs, north of Gypsum Cave (Mawby, 1967). Smaller carnivores and 
scavenger remains, such as fox and coyote, are also well represented in the 
Mojave Desert (Spaulding 1995).
What predator(s) is responsible for the bone accumulation and gnaw marks in 
Gypsum Cave? A taphonomic study by Emslie and Morgan (1995) of a 
Pleistocene carnivore den in the Cutler Hammock Formation of Dade County, 
Florida may be instructive for the interpretation of Gypsum Cave. The faunal 
diversity of the den was much more extensive than that of Gypsum Cave, 
however many of the same herbivores are present (ground sloth, horse, llama, 
and deer). The researchers concluded that the Cutler Hammock fauna 
represents a dire wolf den. Dire wolf remains in the den include a few limb bones
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and numerous teeth fragments, and the evidence of dire wolf feeding in the den 
includes an abundance of gnaw-mark damage on large herbivores (especially 
horse and deer). Punctured and furrowed bones are indicative of dire-wolf- 
induced damage. Many of the herbivore bones in the Cutler Hammock den are 
of young animals, which would have been more susceptible to carnivore 
predation.
The gnaw mark damage, prey remains present, high number of juvenile 
remains, and the abundance of limb bones in the Gypsum Cave assemblage are 
all strikingly similar to that of documented dire wolf dens. While cataloging the 
assemblage, I did not observe any dire wolf remains. However, Harrington 
(1933) included “wolf or dire w olf on a list of species recovered from Gypsum 
cave. He did not discuss these bones in the monograph, and these bones are 
not listed on the national FaunMap database, which is an electronic database for 
the late Quaternary distribution of mammal species in the United States. It is 
possible that these bones were overlooked during curation, lost in transport, or 
mis-identified. Whether or not the remains of dire wolves were found in Gypsum 
Cave is currently unknown.
Summarv of Interpretations Based on 
Bone Surface Marks 
Almost all of the herbivore bones in the Gypsum Cave assemblage, other 
than those of bighorn sheep and Shasta ground sloths, were brought into the 
cave by an outside vector, such as a predator. The presence of remains of
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neonatal and juvenile sloths suggests that Shasta ground sloths used the cave 
for birthing and raising young. The thick deposits of sloth dung and the 
radiocarbon dates (Chapter 5) also indicate that Gypsum Cave was a haven for 
sloths.
The surface marks present on bones in the Gypsum Cave assemblage are 
indicative of rodent and carnivore damage and trample marks. If the surface 
features had been produced by human butchery they would be sub-parallel and 
V-shaped and/or striated and located on the epiphyseal end of a bone (Fiorillo, 
1989). In conclusion, the marks on the Gypsum Cave assemblage are either U- 
shaped and irregular, which is indicative of carnivore damage, or sharp with 
linear edges on the shaft of the bone, which is indicative of trample marks 
(Fiorillo, 1989).
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CHAPTER 7
BONE FRACTURES
Many of the bones from Gypsum Cave contain fractured ends. I examined 
these fractures to test the hypothesis that they are the product of butchery by 
Paleo-lndians.
Bones may fracture due to the activities of hominids, feeding by carnivores, 
trampling, weathering, or post-burial compression (Lyman, 1994). During 
butchery, humans may cause an animal’s bone to fracture by applying stress, 
resulting in mechanical failure. Such a fracture is typically caused by loading 
stress with a sharp object onto a portion of a bone by an impact (Lyman, 1994). 
Carnivores gnaw on bones in two ways that result in fractures that appear similar 
to human-induced fractures. The first method includes chewing on one or both of 
the epiphyseal ends of the bone. This creates a structural weakness, and the 
bone eventually collapses into rectangular splinters, longitudinal fractures, and/or 
scalloped edges (Lyman, 1994). The second method is simply chewing on the 
bone until it fractures completely (Lyman, 1994).
In order to distinguish fractures caused by human butchery from those 
produced by other processes, I used the work of Shipman et al. (1981), who 
identified seven common bone fracture patterns; the step fracture, the sawtooth
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fracture, depressed fracture, flaking, the irregular perpendicular fracture, and the 
spiral fracture [(Type I (regular perpendicular) and Type II)] (Figure 7.1).
(a)
(b)
(c)
(d)
(e)
(f)
I iiT^mr^-iTnii' i,
(g)
Figure 7.1. Illustrations of seven types of bone fracture: (a) Step fracture, (b) 
sawtooth fracture, (c) depressed fracture, (d) flaked fracture, (e) regular 
perpendicular fracture, (f) Type I spiral fracture (regular perpendicular), (g) Type 
II spiral fracture (Shipman et al., 1981).
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Spiral fractures are most commonly associated with a human-induced bone 
breakage, but they can also occur in other circumstances. A spiral fracture 
occurs when a sudden impact creates a bending force on a bone and causes 
shearing at a 45 degree angle. This shearing ultimately produces a spiral 
(tensile) fracture (Lyman, 1994). Spiral fractures are especially common in fresh 
(“green”) bones, which contain moisture and are viscoelastic. When a sudden 
impact breaks a green bone, a spiral fracture typically occurs. Dry bones are 
more brittle, and they fracture more readily, however they may also break with a 
spiral fracture (Lyman, 1994).
Lyman (1994) recognized two different types of spiral fractures. Type I spiral 
fractures display a smooth (helical) fracture front (Figure 7 .If). These commonly 
form when a dry bone fractures, or when the fracture front forms between 
collagen bundles of a green bone. A Type II spiral fracture (Figure 7.1g) has a 
rough fracture front that either went through or was perpendicular to collagen 
bundles. These are more indicative of a green bone fracture, because the bone 
is broken perpendicular to the collagen bundles (Lyman, 1994). According to 
Potts (1982), some bone assemblages exhibit up to 90% spiral fractures from 
trampling.
I examined the bone fractures in the Gypsum Cave assemblage, noting 
where each bone was fractured, and the type of fracture. Almost all of the bones 
exhibit at least one fracture, usually on one or both ends. A table listing which 
bones are fractured, the types of fractures, and the locations of the fractures, is 
provided in Appendix III. Below is a brief summary of the percentages of
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fractures bones in each megafaunal species and the most commonly fractured 
bones of each species. The chapter then concludes with a summary of the types 
of fractures present and the taphonomic implications of these data.
Approximately 65% of the bighorn bones from Gypsum Cave exhibit some 
fracturing. The most frequently broken bighorn bones are the radius and 
humerus (Figure 7.2); 100% of these bones are fractured (n= 19 bones). Among 
the least frequently broken are the smaller bones, such as the phalanges, 
astragalus, and atlas.
' i  4i
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Figure 7.2. A bighorn humerus (specimen 14) that is smoked and exhibits an 
irregular perpendicular (Type I) spiral fracture.
Approximately 46% of the horse bones are fractured (n=43 bones). The most 
frequently broken horse bones are the femur and tibia, 100% and 80% of which.
66
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
respectively, exhibit breakage. The least frequently broken bones include 
phalanges, metapodials (Figure 7.3), and vertebrae.
¥ , &  ,41 s,i .M .€,1
Figure 7.3. An Equus metapodial (specimen 255) with an irregular perpendicular 
and flaked fracture front.
Approximately 50% of the mule deer bones are fractured (n=21 bones). The 
most frequently broken deer bones are the radius and tibia (Figure 7.4), 75% and 
100% of which, respectively are fractured. The least commonly broken bones 
include the phalanges and axis.
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Figure 7.4. This deer tibia (specimen 25) exhibits a proximal step fracture.
Approximately 80% of the camel bones are fractured (n=9 bones). The most 
frequently broken camel bones are the tibia and metapodial (Figure 7.5), 100% of 
which exhibit breakage. The only Camelops bone that is not broken is an 
astragalus.
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Figure 7.5. This camel metapodial (specimen 118) exhibits a proximal step 
fracture.
Approximately 92% of the Hemiauchenia bones are fractured (n= 28 bones). 
The most frequently broken Hemiauchenia bones are mandibles, thoracic 
vertebrae, and metatarsals (Figure 7.6) with 100%, 75%, and 100% breakage, 
respectively. The only non-broken Hemiauchenia bone is a thoracic vertebra.
Figure 7.6. This llama (Hemiauchenia) metapodial (specimen 275) contains a 
lateral crack down the shaft of the bone.
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Approximately 69% of the sloth bones are fractured (n= 95 bones). The most 
frequently broken Nothrotheriops shastensis bones are ribs, vertebrae, and limb 
bones (Figure 7.7), with 90%, 83%, and 50% breakage, respectively. The least 
commonly broken bones include small, robust bones such as the astragalus.
Figure 7.7. This sloth femur (specimen 543) exhibits a distal irregular 
perpendicular fracture.
Analvsis of Bone Fractures 
Bone fractures can be powerful indicators of taphonomic processes. To 
determine whether the Gypsum Cave bones were broken by humans for the 
purpose of extracting bone marrow, by non-human carnivores, or by other 
processes such as trampling or roof collapse, I determined (1) which bones were 
most frequently fractured, (2) what types of bone fractures are present, and (3) 
whether the bones were broken while green or dry. The location of a fracture on
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a bone, as well as the texture and structure of the fractured bone, can help reveal 
whether a fracture occurred on a green or dry bone. After describing the results 
of this analysis, I will compare the Gypsum Cave assemblage with bones that are 
well documented to be the product of human interaction.
The bone fractures at Gypsum Cave can be grouped into two general fracture 
types: step fractures and irregular perpendicular fractures (7.8b).
(a)
Figure 7.8. An example of a step fracture (a), and an irregular perpendicular 
fracture (b) (note the irregularity at the fracture front) (Shipman et al., 1981). 
These are the two most common types of fractures in the Gypsum Cave 
assemblage.
Irregular perpenaicular fractures (Figure 7.8b) form perpendicular to the shaft 
of a bone (typically a limb bone) and are characterized by an irregular, rough 
surface. Irregular perpendicular fractures are diagnostic of fractures on fresh or 
“green” bone. They exhibit acute and obtuse angles, but not right angles 
(Morlan, 1980). Figure 7.9 is a good example from Gypsum Cave. When bones 
are fractured while still green, the broken surface has the same color as the outer
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(cortical) surface. Flaked bones are also indicative of fresh-bone fractures 
(Morlan, 1980).
Acute Angles
I ■ I ■
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Figure 7.9. An irregular perpendicular fracture on an unidentified long bone 
(specimen 101). Note the absence of right angles.
Irregular perpendicular fractures on bones in the Gypsum Cave collection 
may have formed in response to predation by carnivores, trampling of fresh 
bones, or purposeful fracturing by humans. However, human activity is not 
indicated by a close examination of these bones. Humans typically use the 
impact method to break bones (Bunn, 1989). A blunt object is placed on the 
shaft of the bone, and then a tool is used to hit the blunt object, thus breaking the
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bone to allow access to the marrow (Lyman, 1994). When the impact method is 
used, an impact point remains visible at the bone surface (Figure 7.10). An 
impact point is characterized by a circular or oval depressed area, surrounded by 
ring cracks created by the force of the impact (Johnson, 1989). I examined the 
Gypsum Cave bones for any evidence of impact points, and I found none.
Convex
Fracture
Surface
Negative Flake Scars
Impact Point
Concave Fracture 
Surface
Figure 7.10. When a blunt force is applied to a bone, and impact point and flake 
scars will be present. These marks are not observed on any of the Gypsum 
Cave bones. (Johnson, 1989)
The irregular perpendicular fractures on Gypsum Cave bones most likely 
represent carnivore predation and trampling of fresh bones. Many of the
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irregular perpendicular bones display gnaw marks adjacent to the fractured 
surface. Non-human, carnivore predation may also cause a scalloped, pitted, or 
furrowed fracture surface on irregular perpendicular breaks (Lyman, 1994).
These characteristics are found on many of the long bones from Gypsum Cave.
Step fractures (Figure 7.8a) form perpendicular to the shaft of the bone and 
contain a rectangular pattern that runs parallel with the shaft of the bone. My 
original hypothesis for this type of fracture was that it represented bones that 
were split by humans for bone marrow consumption. However, such fractures 
are diagnostic of dry bone fractures. According to Morlan (1980), burned bones 
frequently contain step fractures due to structural weaknesses and brittleness. In 
the Gypsum Cave collection, step fractures occur frequently on burned bones.
An example is shown in Figure 7.11. Thus my original hypothesis that the step 
fractures signify bone marrow extraction appears to be unlikely.
Figure 7.11. A burned long bone from an unidentified species with a stepped 
fracture (Specimen 278).
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Johnson (1989) conducted a study of bone fractures at localities where 
human butchery is well-documented. She concluded that there are three main 
characteristics that can be used to distinguish between bones that were fractured 
by humans and those fractured by non-human predators. The first is the 
presence or absence of impact points, as discussed above. Impact points, or 
dynamic loading points (a circular depressed area surrounded by radial fracture 
fronts), are evidence of human butchery. The second distinguishing characteristic 
of human butchery is the lack of carnivore gnaw marks. The third characteristic 
concerns the location of the fracture. Carnivore damage is localized around the 
epiphyses of long bones; in contrast, human-induced fracturing is not localized 
around the ends of bones, but also occurs on the shaft.
One of the locations included in Johnson’s (1989) study is Blackwater Draw, 
Locality No.1, New Mexico. This is a well-known and well-documented site 
where the Late Pleistocene-Early Holocene Clovis culture was first identified. 
Human-induced modifications of Blackwater Draw mammal remains include cut 
lines, fracturing, and fracture-based utilitarian tools. Some limb bones of camel, 
horse, and bison were fractured through dynamic loading, and many of them 
contain cut-marks. Dynamic loading fractures were identified by the intersection 
of fracture fronts, hackle marks (Figure 7.12), chattering, core flakes, and impact 
scars. The bones that contained these fracture characteristics include 
metapodials, radii, tibiae, and femora.
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Figure 7.12. A Type II spiral fracture on a camel tibia at Blackwater Draw, NM. 
Note the hackle marks (Johnson, 1989).
The Blackwater Draw fauna is similar in age to the Gypsum Cave fauna. Late 
Pleistocene-Holocene, and contains many of the same taxa of extinct 
Pleistocene mammals, such as Camelops hesternus, and Equus. However, the 
fractured bones at Blackwater Draw exhibit signs of impact-point fracturing as 
well as cut marks. The most frequently fractured bones in both collections are 
limb bones; however, these are the most commonly utilized by both non-human 
carnivores and humans for marrow extraction. The bones at Gypsum Cave do 
not exhibit impact-point fractures or cut marks, and therefore I infer that they 
were not fractured by humans. The fractures are most probably due to a 
combination of breakage of green bones by non-human predators and breakage 
of brittle, burned bones by trampling.
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CHAPTER 8
ANALYSIS OF BURNED BONES 
Burned bones are fairly common in cave assemblages; however, the cause of 
the burning is not normally investigated. According to Lyman (1994) mammal 
bones may be burned for a number of reasons (1 ) cooking, (2 ) disposal of food,
(3) cremation, (4) brush fire, or (5) combustion of an organic-rich matrix. The 
primary objective of my analysis of burned bones in the Gypsum Cave 
assemblage was to test the hypothesis that they were purposely burned by 
humans. Were Paleo-lndians barbequing Pleistocene animals at Gypsum Cave?
SEM Analvsis
Shipman et al. (1984) recognized five stages of burned-bone surface 
micromorphology that can be identified with a scanning electron microscope 
(SEM) (Figure 8.1). As a bone is subjected to increasing temperatures, the 
micromorphology of the bone surface begins to alter. Stage I is identified as an 
undulating surface; it represents temperatures between 20-185 °C. Stage II is 
characterized by series of pores and fissures; it represents temperatures 
between 185-285 °C. Stage III is identified as a polygonal cracking; it represents 
temperatures between 285-440 °C. Stage IV is identified as a frothy surface; it
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represents temperatures between 440-800 °C. Stage V  is identified as a frothy 
surface with nodules; it represents temperatures between 800-940 °C.
1
Figure 8.1. Five stages of burned bone surface morphology as defined by 
Shipman et al. (1984) (a) Stage I: 20-185 °C, (b) Stage II; 185-285 °C, which 
creates a micromorphology of pores and fissures, (c) Stage III: 285-440 °C, 
which creates a micromorphology that consists of polygonal cracking, (d) Stage 
IV: 440-800 °C, which creates a frothy micromorphology, (e) Stage V: 800- 
940°C, which creates a frothy micromorphology with nodules, (f) A higher 
magnification image of Stage V micromorphology (Shipman et al., 1984). Scale 
of the photomicrographs in b, c, d, and e are the same as in a.
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In addition to the micromorphology of a burned bone’s surface, its color is 
indicative of the temperature to which it was subjected. Burned bones are either 
smoked or calcined. A smoked bone appears to be charred black or brown, 
which indicates that it was subjected to fairly low temperatures, ranging from 
185-285 °C. A calcined bone is white, blue, or gray, which indicates that it was 
subjected to higher temperatures ranging from 285-800°C (Lyman, 1994).
I noted which of the Gypsum Cave bones were burned and whether they 
appeared to have been smoked or calcined. I created a Microsoft Access 
database which lists the bones of each species that were burned and shows 
which room they were found in. I then examined portions of five burned bones 
with the SEM to determine the maximum temperature to which each was 
subjected. I used a hand-held Dremmel saw to remove a small square portion of 
each bone chosen. I selected bones that, on the basis of casual inspection, 
appeared to have been burned at a wide range of temperatures. To prepare 
these bones, I cleaned them with a dry paint brush, air dried them in a large 
vacuum chamber, and gold-coated the samples for 60 seconds. With the SEM, I 
examined the micromorphology of each bone at varying magnifications and then 
compared the bone surface micromorphology with Shipman et al.’s (1984) five 
stages of burned bone morphology.
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Results of SEM Analvsis
The burned bones I examined with the SEM were either calcined or smoked. 
The surface morphology of the calcined bones is vitrified and frothy with 
polygonal cracking. This texture indicates that the bones were burned in a 
temperature range of 285-800 °C (Shipman et al., 1984). These bones are white, 
gray, to blue in color and have a porcelain-like, brittle texture.
The surface morphology of the smoked bones is characterized by an 
irregular, granular surface with a series of pores and fissures. This texture 
indicates that the bones were subjected to temperatures up to 285 °C. These 
bones are brown to black and have a charred appearance. Some of the bones 
contain both smoked and un-burned sections.
Below is a summary of the SEM analysis of each of the five bones examined.
Specimen 90 is a long calcined bone of an unknown species (Figure 8.2a). It 
is white, gray, and blue, and is broken on both the proximal and distal ends. The 
surface of the bone shows polygonal cracking and a frothy, undulating texture 
(Figure 8.2b); these textures are characteristic of Stage III and Stage IV 
micromorphology. This indicates that the maximum heated temperature was 
approximately 285-800 °C.
Specimen 23 is a deer tibia that has a gnawed-off proximal end (Figure 8.3a). 
In the SEM the surface micromorphology displays pores and fissures (Flugre 
8.3b), indicative of Stage II micromorphology, which indicates temperatures 
ranging from 185-285 °C.
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(a)
(b)
Figure 8.2. (a) Specimen 90, a gray and white, calcined long bone, (b) 
Specimen 90 in the scanning electron microscope. The surface micromorphology 
shows polygonal cracking, indicative of Stage III to V  morphology which, 
according to Shipman, indicates temperatures from 285-800 °C.
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Figure 8.3. This deer tibia (specimen 23) is smoked on both the proximal and 
distal ends, (b) Specimen 23 in the SEM. The surface micromorphology shows 
pores and fissures, indicative of Stage II micromorphology which, according to 
Shipman, indicates temperatures between 185 -  285 °C.
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Specimen 548 is a bighorn sheep metapodial that is homogeneously burned 
to a bluish-black color (Figure 8.4a). In the SEM the micromorphology displays a 
frothy surface texture (Figure 8.4b and 8.4c), which is indicative of Stage IV 
micromorphology, temperatures ranging from 440-800 °C.
Figure 8.4. (a) Calcined bighorn metapodial (specimen 548), (b-c) Specimen 548 
in the SEM. The micromorphology shows a frothy surface texture, which is 
indicative of Stage VI micromorphology. This texture records temperatures 
ranging from 440 - 800° 0 . (b) Magnification = x 130. (c) Magnification = x 1,000.
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Specimen 277 is an unidentified long bone that is broken on both the proximal 
and distal ends (Figure 8.5a). When observed in the SEM the surface displays 
Stage II surface morphology (Figure 8.5b), indicative of temperatures ranging 
from 185-285 °C.
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Figure 8.5. (a) Specimen 277, a long bone that is broken on both ends. It 
exhibits a smoked distal end. (b) Specimen 277 in the SEM. This long bone 
exhibits Stage II burned bone micromorphology, indicative of temperatures 
ranging from 185 - 285 °C.
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Specimen 296 is an unidentified long bone that is broken on both the proximal 
and distal ends (Figure 8 .6a). In the SEM the surface shows Stage II 
micromorphology, with pores and fissures (Figure 8 .6b, c), indicating 
temperatures of 185-285 °C.
(a)
(b)S
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(C)
Figure 8 .6 . (a) This unidentified long bone is smoked (specimen 296). (b) 
Specimen 296 in the SEM. The surface shows Stage II micromorphology with 
pores and fissures, indicating temperatures of 185 -  285°C. Magnification = x 
130. (c) Specimen 296 magnified x 1,100 in the SEM.
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Discussion of SEM Analvsis 
The SEM analysis indicates that the five bones were burned at different 
temperatures. The smoked bones were subjected to temperature ranges of 185- 
285 °C, and the calcined bones were subjected to temperatures of 285-800 °C. 
There are three possible explanations for this wide range of temperatures: (1 ) 
more than one fire event occurred in the cave, with each fire burning at different 
temperatures, (2 ) some of the bones were burned prior to their arrival into the 
cave (e.g., in a brush fire outside the cave or during cooking by humans); (3) 
variable temperatures occurred in the same cave fire. Explanation number 2 is 
compatible with the hypothesis of human butchering of the Gypsum Cave 
megafauna, but the other two explanations are not.
Harrington reported that the dung layers in Gypsum Cave were at least 3 feet 
deep intermixed with ash layers. It is possible that bones located in varying 
stratigraphie positions within and below the dung were subjected to a range of 
temperatures. According to Samuel (1989) when herbivore dung fires ignite, 
they burn at extremely high temperatures (up to 640 °C) and decrease in 
temperature over time (240 °C in 20 minutes).
The presence of large amounts of sloth dung in Gypsum Cave contributes to 
the plausibility of explanation number 3.
Additional Analyses of Burned Bones 
To test the competing hypothesis that the burned bones were cooked by 
humans or that they were burned in one or more cave fires of varying
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temperature, I determined; (1) what bone elements and species show most 
evidence of burning, (2) whether the bones were burned while green or dry, (3) 
the distribution of the burned bones within the cave relative to the occurrence of 
burned dung, and (4) the timing of the burning.
If the burned bones are the products of cooking by humans then certain 
preferred bones and species should occur in high abundance, they would have 
been burned while green, and there should be no consistent relationship 
between the distribution of the burned bones and the occurrence of burned dung. 
Furthermore, the burning would certainly have occurred while the species was 
still extant.
I also compared the Gypsum Cave assemblage to the Pleistocene faunal 
assemblages from Rampart Cave, AZ, Last Supper Cave, UT, and Danger Cave, 
UT, all of which also contain burned bones.
Species Most Commonlv Burned
Figure 8.7 summarizes the frequency of burned and unburned bones for each 
species of megaherbivore in the Gypsum Cave assemblage, with smoked bones 
distinguished from calcined bones.
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Figure 8.7. Number of bones of each species smoked, calcined, or not burned at 
all.
It is evident that a high percentage (52%) bighorn sheep (Ows) bones are 
burned compared to the other species found in the cave. The least frequently 
burned bones are those of Equus (20% burned) and Nothrotheriops (18% 
burned). Odocoileus (66% burned) bones are somewhat more frequently 
burned. The low relative number of burned Nothrotheriops and Equus bones may 
be due to their stratigraphie position or location in the cave during the fire(s). 
Many of the horse bones were recovered from Room Three, which did not 
contain evidence of a fire. The stratigraphie position of these bones in relation to 
the ashen layers Harrington (1933) observed is unknown, so it is not possible to 
rigorously test hypotheses concerning the relative frequency of burned bones of 
various species.
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Were the Bones Burned While Green or Dry?
To establish whether the burned bones represent cooking by humans, it is 
important to identify whether the bones were burned when they were green or 
dry. The burned bones from Gypsum Cave can be grouped into three 
categories: (1) homogeneously calcined (burned >285 °C), (2) homogeneously 
smoked (burned < 285 °C), and (3) mottled smoked (burned only in certain 
areas). A crematory study by Buikstra and Swegle (1989) showed that fleshed 
green bones, defleshed green bones, and all dry bones exhibit distinctive burn 
patterns. The results of their study are summarized in Table 7.
Table 7. Summary of the Characteristics of Green and Dry, Fleshed and
Defleshed, Burned Bone
Green Dry
Fleshed
Calcined
- White/blue/gray color does 
not cover the entire bone
Smoked
- Mottled black/brown
N/A
Calcined Calcined
- White/blue/gray color does - Uniformly yellowish-tan or
cover the entire bone white/blue/gray
Defleshed Smoked Smoked- Uniformly black/brown - Mottled black/brown due to 
lack of combustible organic 
matter
Adapted from Buikstra and Swegle (1989)
All of the burn patterns described by Buikstra and Swegle (1989) can be 
found within the Gypsum Cave collection. It is not possible to determine whether 
calcined bones were burned green or dry since both are white/blue/gray in color. 
However, uniformly smoked (blackened) bones signify bones that were burned
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while fresh and defleshed. Mottled smoked bones can represent either fleshed 
bones or dry bones, though dry bones typically also burn on the inside of the 
bone, the cortical bone.
Calcined bones in the Gypsum Cave Collection represent every mammal 
species found within the cave. I cannot determine which calcined bones were 
burned fresh and which were burned dry, or whether they all became calcined 
when they were dry. However, the presence of these bones indicates that a fire 
burned in the cave at temperatures above 285 °C.
Distribution of the Burned Bones 
The distribution of the burned bones in Room Four consists of two main 
clusters that coincide with topographically depressed areas of the cave (Figure 
4.8). These may be areas where sloth dung accumulation was the greatest. 
According to Harrington’s (1933) account, most of the dung on the floor of the 
cave was burned, and only a few portions of Room Four contained un-burned 
dung. This distribution supports the hypothesis that the bones burned as a result 
of a sloth-dung fire.
The Timing of the Gvosum Cave Fire(s)
According to Harrington’s 1933 account of the Gypsum Cave excavation. 
Room Four contained two layers of sloth dung separated by a thin layer of 
gypsum. The upper layer was recorded to be more than three feet deep in some 
locations. Most of the dung in each of these dung layers was reduced to ash.
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This suggests that more than one fire occurred in Gypsum Cave. One interesting 
observation by Harrington was that an object that he interpreted to be a mass of 
charred human food, wrapped in grass, was found 6 inches below the surface of 
Room Four (Harrington, 1933). This suggests that the mass of food was placed 
near the surface prior to the burning of the sloth dung. It is even possible that a 
human attempting to cook this food may have ignited a sloth dung fire. This, in 
turn, suggests that some of the sloth dung may have burned more recently, after 
the sloths and other Pleistocene mammals had become extinct and their bones 
had been deposited. A recent fire in Gypsum Cave is also supported by the 
evidence that the extinct mammal bones were dry when they burned.
Lessons from Ramoart Cave
Rampart Cave is located in the western region of the Grand Canyon, 
upstream from Lake Mead. It is well known for its extensive sloth dung deposits 
and extinct Late Pleistocene mammal remains, including Harrington’s Mountain 
Goat {Oreamos harringtoni) and Shasta ground sloth (Carpenter, 2003).
Rampart cave held the most abundant accumulation of sloth dung ever 
discovered, up to six ft deep in some locations.
In the summer of 1976, the dung deposits in the cave ignited, possibly due to 
an act of vandalism. Approximately 70% of the dung beds were reduced to ash. 
The attempt to extinguish the fire was halted when the steam from the 
firefighter’s water created extensive roof collapse. The fire burned for over a 
year (Carpenter, 2003).
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Photographs in Carpenter (2003) of the bones that were in the cave during 
the fire show that some were smoked and other were calcined. The smoked 
bones are not homogeneously smoked, exactly as expected for bones that are 
burned after they are dry (Table 7). The ash remains from the incinerated dung 
are similar to the ash remains that were found in Gypsum Cave during 
Harrington’s excavation. The burned bones and ashen sloth dung found in 
Gypsum Cave are very similar to those in Rampart Cave after the 1976 fire, 
indicating that sloth-dung ignition is a plausible explanation for the burned bones 
discovered in Gypsum Cave.
Cave fires are known to have also occurred in other caves in the American 
Southwest, including Danger Cave in Utah, and Last Supper Cave in Arizona 
(Grayson, 1988). Like Rampart Cave and Gypsum Cave, the floors of these 
caves contain an organic-rich (dung) matrix.
Conclusions from the Analvsis of Burned Bones 
The results of this study indicate that the Pleistocene mammal bones burned 
while they were dry, indicating that the bones were not burned during butchering 
and cooking. Some of the bones of extant mammals, such as bighorn sheep and 
mule deer, are either completely smoked or calcined. A homogeneously smoked 
bone indicates that is was burned while it was green. So it is possible that these 
animals were butchered, cooked, and consumed at Gypsum Cave during the 
Holocene. Harrington reported the remains of several campfires near the surface 
of the cave, which support this conclusion.
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There is a convergence of evidence that supports the conclusion that the 
burned bones of Pleistocene herbivores from Gypsum Cave were burned in a 
sloth-dung fire on the cave floor, and that they were not burned as a result of 
being cooked by humans.
The evidence that supports this possibility includes: (1) the bones burned at 
varying temperatures, which may be dependent on the stratigraphie position of 
each bone during the fire, (2) a large majority of the bones burned while dry, (3) 
the burned bones were concentrated in two topographic depressions on the floor 
of Room Four, where the dung was probably thickest, and (4) the characteristics 
(ashen dung) of the burned dung and bones in Gypsum Cave are similar to those 
of Rampart Cave, which is known to have had no prehistoric human presence 
and which experienced a dung fire. There is no support for the hypothesis that 
Paleo-lndians were barbequing Pleistocene animals at Gypsum Cave.
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CHAPTER 9 
CONCLUSIONS
The Gypsum Cave mammal assemblage contains many characteristics that 
are similar to sites with documented human interaction, including fractured and 
burned bones, scratch marks, and a stratigraphy with bones and dung 
interbedded with human artifacts.
Some of these features, especially the latter, persuaded Harrington (1933) to 
conclude that humans had interacted with Pleistocene animals at Gypsum Cave. 
Although later radiometric dates of cultural items collected by Harrington did not 
support this conclusion, neither did they completely falsify the hypothesis that 
Paleo-lndians hunted Pleistocene mammals in the Gypsum Cave area and 
contributed to the accumulation of their bones within the cave. Maybe Harrington 
was right after all, but the evidence was in the bones. This study has been a 
rigorous test of that hypothesis.
Table 8 compares the characteristics of bones found at known butchering 
sites with characteristics of bones from Gypsum Cave. As described and 
discussed in the preceding chapters, the evidence does not support butchering 
by humans.
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Table 8 . Characteristics Expected at a Butchering Site, Compared with the 
Characteristics of the Gypsum Cave Assemblage
Characteristic Butchering Site Gypsum Cave
Burned Bones Cooked bones will be 
homogeneously 
smoked or calcined
A few bighorn bones 
are homogeneously 
smoked; a majority are 
either calcined or have 
a mottled smoked 
pattern due to lack of 
organic matter
Bone Fractures Lack of gnaw marks, 
green spiral fractures 
with percussion marks
Step fractures, 
crenulated edges, 
some spiral fractures 
with gnaw marks; no 
percussion marks
Cutmarks Flat and striated or v- 
shaped cross-section
Not present
Gnaw Marks Rare, only on soft 
bones such as the 
ischium
Present on ephiysal 
ends of bones, mostly 
on limb bones
Although there is no evidence that hunting and butchering by Paleo-lndians 
occurred at Gypsum Cave, it is evident from my AMS dates (atlatl foreshaft 
(6F922)) that humans were present at Gypsum Cave at least as early as 3,540 
rcybp. Harrington’s excavation documented that most of the human artifacts 
were found in the front portions of the cave (Rooms One, Two, and Three). The 
intermixed stratigraphy indicates that humans or rodents had disrupted the cave 
floor. Bioturbation, especially by wood rats {Neotoma sp.), is the most likely 
cause of the disrupted stratigraphy. Wood rats are known to have inhabited the 
cave (Harrington, 1933). It is possible that use of the cave by humans in the late 
Holocene may have also disrupted the stratigraphy of the cave floor. It is 
possible that the humans utilized some of the fossil material, such as sloth dung 
for fuel.
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Because the burned bones could not be dated, It is impossible to know the 
exact dates of the homogeneously smoked bones (bighorn, deer). It is possible 
that these bones represent Holocene butchering and utilization by humans, but 
there is an absence of percussion and cut marks, which are indicative of human 
butchery.
Gypsum Cave does not represent a site of Late Pleistocene human butchery, 
but rather a Late Pleistocene predator’s den that was later inhabited and 
overprinted by humans in the Holocene. If it was a site of human and extinct 
mammal interaction, the characteristics summarized in Table 8 would be present.
The evidence that suggests that Gypsum Cave represents a predator’s den 
as opposed to a site of Late Pleistocene man and mammal interaction includes:
(1) The NISP for the Shasta ground sloth and bighorn sheep is high, 
indicating that these mammals died in the cave. The NISP for all of the other 
large herbivores is low, indicating an active bone accumulation, similar to a 
predator’s den.
(2) The MNE results suggest that most of the bones in the cave are ribs and 
vertebrae (mostly of Shasta ground sloth and bighorn sheep, who utilized the 
cave): and the next most abundant bones are limb bones, which are the most 
preferred bones chosen by predators to carry into their lair.
(3) The surface marks on the bones represent non-human gnaw marks and 
trample marks, as opposed to human-induced tool marks.
(4) The carnivore damage resembles canid damage, including furrows, 
splinters, grooves, and gnawed off epiphyseal ends (Johnson, 1989). These
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characteristics are similar to wolf damage (Haynes, 1980), possibly damage 
created by a dire wolf.
The results of this study are significant because many caves in the desert 
southwest are similar to Gypsum Cave in that they contain burned bones, 
suspicious bone fractures, and human artifacts. It is easy to misinterpret these 
caves as sites of human interaction. The results of this study can be used to 
guide further studies on cave taphonomy.
Suoaestions for Future Research
(1 ) Screening
Harrington’s original excavation did not include screening for small mammal 
bones/teeth. The small mammal assemblage could give further insight into 
the paleoecology of Gypsum Cave, and screening may reveal evidence for 
other species, possibly even dire wolf.
(2) Additional radiocarbon dating
Further radiocarbon analyses of mammal bones and artifacts to obtain a 
better record of the Gypsum Cave collection. The only radiocarbon dates 
that have been conducted have been on the Shasta ground sloth (bones and 
dung) and horse. It would be beneficial to date other species as well.
(3) A geomorphic analysis of the cave
The geomorphology of the cave has never been examined. A geomorphic 
analysis of the cave could give insight into the history of roof collapse, etc.
(4) A re-excavation of portions of the cave to re-examine stratigraphy
97
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
According to Harrington (1933), a small portion of the stratigraphy in Room 4 
has been left untouched. A new analysis of the cave’s stratigraphy would 
allow for a better understanding of Harrington’s original stratigraphie 
observations. Perhaps different dung layers could be radiocarbon dated to 
determine the extent of the bioturbation.
(5) Isotopic analysis of cave deposits
The relative abundance of C3 and C4 plants in the vicinity of the cave during 
various stages of carbonate deposition could be determined through an 
analysis of ç^^C.
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APPENDIX I
HARRINGTON’S EXCAVATION AND STRATIGRAPHY  
Room One is an alcove measuring 67 x 35 ft with a smoke-stained ceiling 
varying in height from 5 to 8 ft. The upper 30 in. of Room One contains ash, 
charcoal, cobs of corn, bones of mammals and desert tortoise, along with 
artifacts such as selenite pendants and pottery. The second layer is 
approximately 1 ft deep and is composed of mountain sheep dung and a few 
artifacts such as small fragments of atlatl darts. The third layer is composed of 
broken limestone approximately 3 ft 3-in. thick and is believed to have originated 
from a rock fall. Isolated patches of mammal dung are also found within this 
layer. Layer four is widespread and is composed mostly of mountain sheep dung 
1 ft thick. Layer five varies from 2 to 7 ft thick and is composed of gypsum 
gravel, larger rocks, mountain sheep dung, and the dung and hair pieces of 
Shasta ground sloth. Also found within this layer is a fire pit with charcoal, two 
worked wooden sticks and a chert scraper. The bottom-most excavated layer, 
layer six, is composed of angular gravel, and mountain sheep dung, and 
eventually bedrock. In total, five fire pits were recorded in Room One, three in 
the upper layers and two in layer 5.
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Room Two is the entrance to the cave, measuring 83 x 56 ft with a steeply 
dipping floor of talus from an occasional rock fall. The first layer consists of 2 in. 
of ash, the second layer consists of 2-7-in. of brown sand, layer three contains 7- 
13 in. of mountain sheep and bat dung, and the last 13-38 excavated-inches 
contain coarse rock and sloth dung. Some of the artifacts found in Room Two 
include, gaming sticks, painted darts, and dart points. Also excavated were the 
remains of a small horse, burned tortoise shell, and camel.
Room Three is a long room covered in steep deposits of rock fall. The room 
measures 75 x 50 ft. The stratigraphy of this room was more complex due to 
thick areas of rock fall that covered the floor in isolated patches. Within this room 
are layers of rock fall and burned sloth dung. Some of the paleontological finds 
in Room Three include a fully intact, isolated Shasta ground sloth skull, Shasta 
ground sloth dung (some of which was burned), remains of a small horse, and 
bighorn sheep. Artifacts found in this room include atlatl darts, dart points, 
foreshaft, polished bone; stone carved knife, and flageolets (musical instrument).
Room Four is the largest room in Gypsum Cave measuring 125 x 75 ft, and it 
contained the most paleontological remains. The ceiling ranges in height from 8 ft 
to more than 15 ft. Harrington’s crew dug five trenches and three pits in Room 
Four. Harrington noted that the floor of the room was covered in sloth dung that 
was almost completely burned, with only a few isolated patches of sloth dung in 
its natural state. The main stratigraphy of the room consisted of two layers 
composed mostly of sloth dung and gravel separated by a layer of gypsum a few 
inches thick. One stalagmite was documented and the bones found nearby were
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water damaged and contained small gypsum crystals. Some of the 
paleontological discoveries in Room Four include numerous Shasta ground sloth 
bones, camel, horse, bighorn sheep, llama, and a desiccated kit fox. The 
archaeological finds include dart points, bone fragments that were split for 
marrow, deer-skin fringe, and one fire pit.
The passage between Room Four and Room Five is approximately 30 x 17 ft 
with a four foot to five foot high ceiling. The surface of this passage is covered 
with 3-in. of gray ash, 1-in. of white ash, 5 inches of burned and decayed sloth 
dung, 3-in. of white gypsum, 10-in. of sand and gypsum fragments, followed by 
7-in. of brown sand followed by a hard layer of gypsum. A fire pit was found 
within this passage, it was 10.5-in. deep, consisting of 12 small sticks burned on 
each end. Above the pit, Harrington documented an unbroken 17.5-in. layer of 
sloth dung.
Room Five was called “the oven” by Harrington and his crew due to the 
higher air temperatures as compared to the rest of the cave. Room Five 
measures 50 x 60 ft. There were not many paleontological or archaeological 
finds within this room. Most of the sediments consisted of fragments of gypsum 
and limestone with occasional layers of sloth dung (some burned, some 
decayed). The most significant discovery in Room Five was the remains of an 
infant Shasta ground sloth that was found in the same stratigraphie position as 
an arrow cane torch. Arrow cane {Phragmites communis) grows in marshy 
environments and may have grown in Gypsum Spring, approximately two miles 
away.
101
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIX II
SYSTEMETICS  
Order Artiodactyla
Hemiauchenia macrocephala
Hemiauchenia macrocephala evolved in the New World and migrated to the 
Old World via the Bering Land Strait during the Pleistocene (Grayson, 1993).
This species existed from the Middle Pliocene to the Late Pleistocene throughout 
North and South America; it became extinct approximately 10,000 ybp (Webb, 
1974). This camelid is commonly referred to as the “large-headed llama” 
because it had relatively long, thin limbs and a large skull (Grayson, 1993). In 
North America, remains of Hemiauchenia macrocephala have been found only in 
the southern portions of the United States from Florida to California (Grayson,
1993). The species is known for its long skinny legs that presumably provided 
great speed in open terrain (Grayson, 1993; Webb, 1974). Hemiauchenia was a 
relatively small camelid with comparatively high-crowned teeth; it is said to have 
been an “advanced” llama of its time and was a browser that consumed shrubs 
and leaves (Webb, 1974).
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Camelops hesternus 
Camelops lived during the Rancholabrean Land Mammal Age (Grayson, 
1993). Remains of Camelops are restricted to Western North America. 
Camelops hesternus was 20% larger than modern camels however, they looked 
similar to the dromedary {Camelus dromedaries) (Lange, 2002). Camelops had 
longer legs and a narrower and longer head than do extant species of camels 
(Grayson, 1993). They had one large hump farther forward than the hump of 
Camelus dromedaries (Grayson, 1993). They are inferred to have been 
browsers that browsed on leaves, small plants, fruit, and grass. They became 
extinct between 12,600 and 10,800 years before present (Grayson, 1993).
Ovis canadensis
The oldest fossil remains of Ovis canadensis are 128,000 years old and the 
species is still present today between Southern Canada and Northern Mexico 
(Lange, 2002). Their Pleistocene remains have been found farther east of their 
present range. Bighorn are browsers and grazers that thrive on grasses, low 
plants and shrubs (Lange, 2002.) They still occur in the vicinity of the Colorado 
River and Gypsum Cave (Hall, 1995). Their most active predators include 
coyotes and bobcats (Hall, 1995).
Odocoileus hemionus 
Odocoileus has existed since the late Pliocene, approximately 2 million years 
ago (Lange, 2002). Mule deer are thought to inhabit more open land than do
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white-tail deer (Lange, 2002). Mule deer still inhabit Southern Nevada (Hall, 
1995).
Perissodactyls
Native North American horses are thought to have become extinct 
approximately 8,000 ybp in the early Holocene (Lange, 2002). The most 
abundant Equus during the Pleistocene in North America was Equus 
occidentalism or the Western Horse. The taxonomy of extinct horses is still being 
researched.
Xenarthra
Nothrotheriops shastensis (Shasta ground sloth) was the smallest of the 
Pleistocene ground sloths (Lange, 2002). The species arrived in North America 
approximately 1 million years ago during the Irvingtonian LMA, and its range 
spanned from southern Canada southward into Mexico (Lange, 2002). Some 
cave localities in the southwest, including Gypsum Cave, are famous for thick 
deposits of Shasta ground sloth dung. These sloths were approximately 9 feet 
long, weighing between 300-400 pounds. They were browsers. Fossil remains 
of Shasta ground sloths are typically found in cavernous areas, reflecting a 
preferred habitat (Thompson et al., 1980).
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Carnivores 
Urocyon cinereoargenteus
Gray fox currently range from the east coast, south to California, and along 
the west coast (Owen, 2002). They prefer a predominantly forested habitat 
(Kurten and Anderson, 1980). This species extends 1.5 million years into the 
fossil record, first appearing in the Late Irvingtonian (Kurten and Anderson,
1980). More than forty Pleistocene localities include the gray fox, the oldest of 
which is late Irvingtonian (Kurten and Anderson, 1980). By the end of the 
Pleistocene their habitat extended throughout the mainland of North America 
(Owen, 2002).
In California, the gray fox is most abundant at elevations of 1,150 to 1,550 m. 
Modern gray fox living in Utah have been known to consume deer, fruits, and 
small mammals (Fritzell and Haroldson, 1982)
Vulpes macrotis
The existence of the kit fox can be traced back to the Blancan LMA (Dalquest, 
1978). They are the smallest of the North American canids and their preferred 
habitat includes prairie lands, and areas with sparse vegetation. The diet of 
these nocturnal predators consists mainly of small mammals such as rabbits and 
ground squirrels, and insects (Hall, 1995).
105
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Felines
Lynx, or bobcat, can be traced back 2.5 million years, to the Blancan LMA. 
Their preferred habitat varies from boreal forest to desert scrubland. The bobcat 
typically preys upon rodents, rabbits, deer, kit fox, and even peccary (Owen, 
2002; Lariviere and Walton, 1997). They are known to consume the upper hind 
quarters of large prey and typically do not consume the whole kill (Lariviere and 
Walton, 1997). Currently, the bobcat can be found living throughout most of 
North America (Lariviere and Walton, 1997). They frequently visit caves, 
canyons, and rocky areas. According to Hall (1995), the bobcat can still be found 
living in the vicinity of Gypsum Cave.
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APPENDIX III
CATALOG OF SPECIMENS 
This appendix includes a list of the Gypsum Cave bones that I catalogued 
from LACM. To follow LACM’s policy, I did not write on the bones. In order to 
number and identify the bones, I attached a string around each bone and 
wrapped a sticker label around the string. The current condition of my labels is 
unknown. The labels and numbers should only be used as a guide.
Definitions:
No.= My assigned specimen number.
Bone I.D.= My bone identification.
Unknown= I was not able to identify the species due to the condition of the bone. 
L= Left 
R= Right
?= Uncertain identification.
Thurston’s No.= Thurston’s assigned specimen number that corresponds to the 
maps of Room Four.
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No. Species Bone I.D. Burned? Notes
Thurston’s
No.
1 Ovis canadensis Horn Core calcined Lateral fracture (M l)  50
2 Ovis canadensis Horn Core calcined Lateral fracture (M5) 1
3 Odocoileus hemionus Tibia R calcined Distal missing, glued together (M5) 60
4 Odocoileus hemionus Radius L smoked Tooth marks on epiphyses (M 4)5
5 Ovis canadensis Metatarsal L smoked fine grooves on shaft (M4) 10
6 Ovis canadensis Metacarpal L no young, not fused (M4) 20
7 Ovis canadensis Atlas mottled no (M4) 55
8 Ovis canadensis Axis mottled broken (M4) 55
9 Ovis canadensis Metacarpal L smoked no (M5) 53
10 Unknown Long bone warped spiral distal end, gypsum crystals (M2) 31
11 Ovis canadensis Scapula no fan broken, gnaw marks
12 Camelops hesternus Tibia no step fracture R4
13 Ovis canadensis Metacarpal R calcined Lateral fracture (M5) 63
14 Ovis canadensis Humerus L smoked spiral proximal, gnaw marks R4
15 Ovis canadensis Humerus L no spiral shaft
16 Odocoileus hemionus ? Long bone smoked Lateral fracture, gnaw marks R4
17 Unknown Long bone smoked Lateral fracture, gnaw marks (M4) 61
18 Ovis canadensis Caudal vertebrate mottled broken (M4) 55
19 Ovis canadensis Mandible no broken R5
20 Ovis canadensis Caudal vertebrate mottled broken (M4) 55
21 Ovis canadensis Caudal vertebrate mottled no (M4) 55
22 Unknown Long bone smoked lateral fracture (M4) 61
23 Odocoileus hemionus Tibia L smoked spiral proximal, proximal tooth marks (M 4)9
24 Ovis canadensis Metacarpal R smoked lateral (M4) 51
25 Odocoileus hemionus Tibia L no proximal fracture R1
26 Ovis canadensis Atlas no no
27 Ovis canadensis Humerus L smoked irregular perpendicular fracture, proximal gnaw marks (M4) 52
28 Ovis canadensis Humerus R smoked sawtooth fracture, gnaw marks (M5) 57
29 Ovis canadensis Radius L calcined spiral, lateral fracture, expanded (M5) 58
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30 Odocoileus hemionus Thoracic vertebrate smoked (M5) 52
31 Ovis canadensis Lumbar vertebrate calcined (M2) 72
32 Ovis canadensis Lumbar vertebrate calcined (M2) 2
Hemiauchenia
33 macrocephala Radius/Ulna L calcined sawtooth fracture, proximal and distal, filled with plaster (M2) 16
34 Odocoileus hemionus Metapodial calcined spiral fracture proximal
35 Odocoileus hemionus Scapula smoked fan broken R4
36 Ovis canadensis 
Hemiauchenia
Calcaneum L calcined R4
37 macrocephala Astragalus L calcined distal fracture crack R4
38 Odocoileus hemionus Phalanx II L no
39 Odocoileus hemionus Mandible R no broken in half, gnaw marks R4
40 Ovis canadensis Phalanx II R calcined (M5) 50
Long Bone
41 Unknown Fragment calcined lateral fracture (M5) 58
42 Ovis canadensis Long Bone smoked lateral, proximal, distal fracture, gnaw marks (M l)  11
43 Ovis canadensis Astragalus L calcined (M4) 34
44 Ovis canadensis Cervical vertebrate calcined broken (M2) 72
45 Ovis canadensis Scapula no broken (M l)  30
46 Unknown Phalanx no (M5) 58
47 Unknown Bone Fragment no (M5) 58
48 Ovis canadensis ? Bone Fragment smoked lateral fracture (M5) 43
49 Ovis canadensis ? Calcaneum calcined (M5) 43
50 Ovis canadensis ? Bone Fragment calcined
51 Camelops hesternus? Bone Fragment no (M5) 43
52 Camelops hesternus ? Bone Fragment smoked (M2) 13
53 Camelops hesternus ? Bone Fragment smoked (M2) 13
54 Ovis canadensis Bone Fragment calcined (M2) 77
55 Odocoileus hemionus Phalanx calcined (M5) 52
56 Unknown Femur no (M4) 49
57 Ovis canadensis Femur Fragment no (M l)  30
58 Camelops hesternus? Fragment calcined
59 Ovis canadensis Fragment calcined (M5) 58
60 Camelops hesternus Fragment calcined (M2) 13
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61 Ovis canadensis Fragment no (M l)  30
62 Odocoileus hemionus Astragalus no R1
63 Odocoileus hemionus Radius smoked (M 5)5
64 Ovis canadensis Metacarpal L smoked (M5) 64
65 Ovis canadensis Metatarsal L calcined warped, lateral fracture (M5) 65
Metatarsal R
66 Odocoileus hemionus ? 
Hemiauchenia
Phalanges no articulated R3
67 macrocephala
Hemiauchenia
Thoracic vertebrate Smoked
68 macrocephala
Hemiauchenia
Thoracic vertebrate no broken
69 macrocephala
Hemiauchenia
Thoracic vertebrate no broken
70 macrocephala
Hemiauchenia
Thoracic vertebrate smoked broken
71 macrocephala
Hemiauchenia
Thoracic vertebrate smoked broken
72 macrocephala Thoracic vertebrate smoked
73 Ovis canadensis 
Hemiauchenia
Atlas calcined cracked (M 5)15
74 macrocephala Thoracic vertebrate calcined broken R4
75 Equus sp. Cervical vertebrate no broken
76 Ovis canadensis ? Sacral vertebrate calcined broken (M2) 39
77 Ovis canadensis Caudal vertebrate calcined broken R4
78 Ovis canadensis Caudal vertebrate calcined broken R4
79 Ovis canadensis Caudal vertebrate calcined broken R4
80 Ovis canadensis Caudal vertebrate calcined broken R4
81 Ovis canadensis Cervical vertebrate calcined broken (M5) 15
82 Ovis canadensis Axis calcined broken R4
83 Ovis canadensis Cervical vertebrate calcined (M2) 72
84 Ovis canadensis Cervical vertebrate calcined R4
85 Ovis canadensis Cervical vertebrate no
86 Ovis canadensis Vertebrate smoked broken (M2) 3
87 Ovis canadensis Thoracic vertebrate calcined broken (M2) 36
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88 Ovis canadensis Thoracic vertebrate smoked (M2) 78
89 Ovis canadensis Metapodial calcined broken
90 Unknown Long Bone calcined step fracture both ends, lateral fracture R4
91 Ovis canadensis Astragalus smoked (M2) 73
92 Ovis canadensis Sacral vertebrate calcined (M2) 39
93 Ovis canadensis Pelvis no broken (M2) 48
94 Ovis canadensis Vertebrate calcined broken (m5) 15
Hemiauchenia
95 macrocephala 
Camelops hesternus
Thoracic vertebrate smoked broken
96 (young) Tibia L calcined lateral, spiral distal fracture (M2) 20
97 Equus sp.? Bone Fragment calcined lateral fracture (M2) 22
98 Unknown Metapodial smoked spiral fracture proximal and distal, gnaw marks on ends
99 Equus sp ? Long bone smoked broken (M2) 57
100 Equus sp. Long bone 
Limb bone
no Tooth marks on epiphyses (M2) 57
101 Unknown (metapodial?) smoked lateral fracture, spiral fracture both ends
102 Ovis canadensis 
Hemiauchenia
Long bone smoked proximal and distal (M2) 11
103 macrocephala
Hemiauchenia
Thoracic vertebrate calcined broken
104 macrocephala Thoracic vertebrate smoked
105 Ovis canadensis Metacarpal R no R3
106 Unknown Bone Fragment no lateral R3
107 Odocoileus hemionus Tibia no Spiral proximal, lateral, young
108 Equus sp. Pelvis no broken proximal and distal R3
109 Equus sp. 
Hemiauchenia
Pelvis no broken proximal and distal R3
110 macrocephala
Hemiauchenia
Radius/Ulna calcined lateral fracture R4
111 macrocephala Mandible no broken, proximal and distal R3
112 Unknown Long bone no lateral fracture R3
113 Unknown Thoracic vertebrate no broken R3
114 Unknown Thoracic vertebrate no broken R3
115 Equus sp. Cervical vertebrate no articulated R3
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116 Equus sp. Thoracic vertebrate no articulated R3
117 Camelops hesternus Metatarsal no lateral fracture, proximal fracture R4
118 Camelops hesternus Metapodial no lateral fracture, proximal fracture R4
119 Equus sp. Thoracic vertebrate no 3 articulated R3
120 E quussp. Thoracic vertebrate no 2 articulated R3
121 E quussp. Thoracic vertebrate no 3 articulated R3
122 Equus sp. Lumbar vertebrate no R3
123 E quussp. Lumbar vertebrate no 3 articulated R3
124 Equus sp. Cervical vertebrate no broken
125 Equus sp. Hoof no Sampled
LACM
126 Equus sp. Hoof no 115402
127 Equus sp. Hoof smoked sampled R3
128 E quussp. Hoof no R3
129 Equus sp. Phalanx III smoked 115714
130 Equus sp. Hoof Phalanx III no (M5)1
131 Equus sp. Phalanx III no 41664 R3
132 Equus sp. Phalanx 1 calcined (M4) 47
133 Equus sp. Tarsal calcined (M5) 45
134 Equus sp. Radius L no lateral, spiral, step, distal fracture (M4) 46
135 Equus sp. Humerus L no Meat on bone, lateral, distal fracture R3
136 E quussp. Calcaneus R no R3
137 Ovis canadensis Metacarpal R no gnaw marks
138 Ovis canadensis Sacrum no R2
139 Ovis canadensis Thoracic vertebrate calcined R4
140 Ovis canadensis Thoracic vertebrate no (M2) 41
141 Ovis canadensis Thoracic vertebrate no R4
142 Ovis canadensis 
Hemiauchenia
Metacarpal L calcined plastered together R4
143 macrocephala
Hemiauchenia
Mandible no 8 incisors 4 molars
144 macrocephala
Hemiauchenia
Mandible L no Proximal and distal fracture
145 macrocephala Skull fragment L no
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146 Ovis canadensis Mandible R calcined gypsum crystals R1
147 Ovis canadensis Radius calcined lateral proximal fracture (M5) 20
148 Ovis canadensis Scapula smoked Proximal fracture (M4) 23
149 Ovis canadensis Innominate R no Proximal and distal (M4) 44
150 Ovis canadensis Humerus R calcined smooth spiral proximal and lateral R2
151 Ovis canadensis Humerus calcined highly fractured, spiral, lateral, distal
152 Ovis canadensis Tibia no broken (M2) 12
153 Ovis canadensis Mandible fragment calcined 7 molars, broken (M2) 75
154 Ovis canadensis Skull fragment L no midden, broken
155 Ovis canadensis Thoracic vertebrate smoked broken R1
156 Odocoileus hemionus Phalanx 1 no (M2) 76
157 Ovis canadensis Astragalus L no R5
158 Ovis canadensis Tibia no Distal and lateral fracture
159 Ovis canadensis Mandible R no
160 Ovis canadensis Phalanx III no Fractured, young (M4)1
161 Ovis canadensis Phalanx III no Proximal and distal fracture, young
162 Ovis canadensis Phalanx III no R4
163 Ovis canadensis Phanlanx II R no
164 Ovis canadensis Epiphyse no
165 Ovis canadensis Metapodial no lateral fracture
166 Ovis canadensis ? 
Hemiauchenia
Mandible no 4 molars, broken proximal and distal
167 macrocephala Mandible R no Broken proximal and distal
168 Ovis canadensis Scapula 
Long bone
no distal fracture crack R2
169 Unknown (metapodial?) no spiral, lateral and distal fracture R2
170 Ovis canadensis Medial Rib no distal fracture crack R4
171 Ovis canadensis ? Posterior Rib no R2
172 Ovis canadensis Posterior Rib no R2
173 Unknown Medial Rib no fractured R2
174 Odocoileus hemionus Phalanx 1 L no R4
175 Odocoileus hemionus Phalanx II R no R2
176 Unknown Long bone no proximal and distal fracture
177 Odocoileus hemionus Phalanx II R no (M 4)4
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178 Equus sm Cervical vertebrate no
178 Ovis canadensis Astragalus R no R2
180 Equus Ig Femora L no Proximal and distal gnaw off, flesh and tendons
181 Equus Ig Femora R no Proximal and distal gnaw off, flesh and tendons R3
182 Equus Ig Metacarpal L no excellent preservation R3
183 Equus Ig Metacarpal 4, 3, 2 no gnaw marks on distal end, meat on bones R3
184 Equus sm Metacarpal L no R3
185 Equus Ig Metatarsal L no excellent preservation (M5) 68
186 Equus Ig Metatarsal L no rodent gnaw marks R2
187 Equus Ig Metatarsal L no Lateral fracture, excellent preservation R3
188 Equus sm Metcarpal R smoked (M l)  34
189 Equus Ig Tibia L no excellent preservation R4
190 Equus Ig Tibia R no lateral proximal step fracture R3
191 Equus sp. Metatarsal no R2
192 Equus sm Humerus smoked gnaw marks, proximal chewed off (M l)  34
193 Equus sp. Radius no spiral fracture (M2) 66
194 Ovis canadensis Radius L no sawtooth fracture distal (M l)  34
195 Ovis canadensis Radius smoked step fracture, spiral fracture (M5) 38
196 Odocoileus hemionus Tibia L & carpals no warped, laterally cracked, spiral fracture, full of gypsum (M4) 57
197 Equus Ig Humerus no spiral proximal fracture (M5) 67
198 E quussp. Metapodial no spiral fracture proximal (M5) 67
199 E quussp. Metapodial smoked spiral fracture R3
200 E quussp. Femora smoked proximal fracture, gnaw of distal, spiral (M2) 58
201 Equus sp. Calcaneium L calcined (M2) 70
202 Equus sp. Tarsal
Small metacarpals,
no (M2) 10
203 Equus sp. large metatarsal 
Small metacarpals.
no (M l)  34
204 Equus sp. large metatarsal smoked (M5) 68
205 Ovis canadensis Bone fragment calcined R4
206 E quussp. Epipyses no (M5) 67
207 Ovis canadensis Radius fagment smoked fragment (M l)  34
208 Ovis canadensis Metatarsal calcined lateral fracture (M4) 57
209 Odocoileus hemionus Scapula no fan fracture R4
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210 Ovis canadensis
Skull fragment with 
8 molars no
211 Ovis canadensis Metapodial no
212 Ovis canadensis Atlas no
213 Ovis canandensis Metapodial no
214 Ovis canadensis Humerus smoked
215 Odocoileus hemionus Antler no
216 Ovis canadensis Atlas no
217 Equus sm Radius no
218 Equus sm Innominate no
219 Ovis canadensis Atlas no
220 Unknown Scapula no
221
Hemiauchenia
macrocephala Lumbar vertebrate no
222 Ovis canadensis Axis smoked
223 Ovis canadensis Cervical vertebrate smoked
224 Odocoileus hemionus Thoracic vertebrate no
225 Odocoileus hemionus Thoracic vertebrate no
226 Odocoiieus hemionus Thoracic vertebrate no
227 Odocoileus hemionus Axis no
228 Odocoileus hemionus Axis no
229 Odocoiieus hemionus Thoracic vertebrate no
230 Odocoiieus hemionus Thoracic vertebrate no
231 Odocoileus hemionus Axis no
232 Ovis canadensis Thoracic vertebrate no
233 E quussp. Humerus fragment no
234 Ovis canadensis Atlas no
235 Ovis canadensis Pelvis smoked
236 Equus sm Pelvis no
237 Ovis canadensis Phalanx 1 R smoked
238 Ovis canadensis Mandible L R no
239 Ovis canadensis Mandible no
240 Ovis canadensis Mandible no
lateral fracture, spiral proximal fracture 
midden, broken
spiral proximal fracture, lateral fracture 
Spiral fracture
gnaw marks on both ends, spiral distal fracture, lateral 
fracture
Spiral distal fracture, lateral fracture 
Proximal and distal fracture
7 vertebrae
broken 
2 vertebrate
gnaw mark 
2 pieces
R3
R3
R4
R4
(M5) 31
(M5) 30
R3
(M3) 9
(M2) 40
R2
(M4) 45
R2
(M4) 43
(M4) 43
(M5) 65
R3
(M5) 6
R3
R3
R3
R2
R3
(M5) 6
(M2) 55
(M2) 44
(M5) 28
(M2) 5
R4
(M4) 31
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241 Equus sp. Tibia L no excellent preservation (M3) 12
242 Equus sp. Radius L calcined smooth perpendicular, lateral fracture R3
243 E quussp. Tibia R no young, lateral, proximal spiral fracture (M l)  15
244 E quussp. Axis no (M2) 54
245 Equus sp. Atlas no R2
246 Equussp. Atlas no R3
247 Equussp. Atlas smoked R2
248 Equus sp. Tibia R no proximal sawtooth fracture
249 Equus Ig Phalanx 1 R no R3
250 Equus Ig Phalanx 1 L calcined R4
251 Equus sm Calcanium no (M4) 46
252 Equus sp. Astragalus L no
253 Equus sp. Astragalus R 
Astragalus L and
no R3
254 Equus sp. calcaneum no R3
255 Equus sm Metapodial no proximal spiral fracture R3
256 Equus sp. Axis no R3
257 Equus sp. Thoracic vertebrate no broken R3
258 Equus sp. Cervical vertebrate no broken R2
259 Equus sp. Mandible R no Proximal and distal fracture R2
260 Equus sp. Pelvis no broken (M3) 4
261 Unknown Caudal Rib no Proximal and distal R3
262 Ovis canadensis Cervical vertebrate no broken R3
263 Ovis canadensis Cervical vertebrate no broken R2
264 Ovis canadensis Metatarsal L no R2
265 Ovis canadensis Metatarsal L calcined smooth perpendicular, tooth marks, glued R4
266 Odocoileus hemionus Tibia R no Proximal spiral fracture (M2) 32
267 Odocoileus hemionus Tibia R calcined proximal and lateral spiral fracture (M2) 32
268 Ovis canadensis Radius R smoked irregular perpendicular fracture, gnaw marks
269 Ovis canadensis Radius L no proximal and lateral smooth spiral fracture
270 Ovis canadensis Radius L smoked proximal spiral fracture (M l)  2
271 Ovis canadensis Radius R no Proximal sawtooth fracture R5
272 Ovis canadensis Tibia smoked proximal step fracture (M2) 43
273 Hemiauchenia Metatarsal calcined distal fracture, smooth perpendicular fracture, lateral (M5) 44
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macrocephala fracture
Hemiauchenia
274 macrocephala
Hemiauchenia
Metatarsal R calcined smooth perpendicular fracture (M2) 13
275 macrocephala Metapodial smoked gnaw marks, lateral crack (M2) 13
276 Unknown Midden bone no broken (M5) 46
277 Unknown Limb bone smoked proximal and distal fracture, spiral, gnaw marks (M3) 12
278 Unknown Limb bone smoked step fracture
279 Ovis canadensis ? Limb bone no lateral, proximal, distal fracture, sawtooth (M5) 22
280 Ovis canadnesis Atlas calcined small, young R4
281 Odocoileus hemionus Antler smoked lateral fracture
282 Ovis canadensis Costal Rib no distal fracture (M5) 41
283 Equus sm. Phalanx II L no
284 Equus sp. Ephiphysis calcined young, lateral, proximal spiral fracture
285 Ovis canadensis Cervical vertebrate no
286 Ovis canadensis Cervical vertebrate no (M2) 64
287 Ovis canadensis Cervical vertebrate 
1 Axis/cervical
no R 2
288 Ovis canadensis vertebrate no (M2) 64
289 Ovis canadensis Lumbar vertebrate calcined R2
290 Ovis canadensis Long bone calcined Proximal, distal, lateral fracture (M2) 6
291 Odocoileus hemionus Cervical vertebrate no (M2) 8
292 Odocoileus hemionus 
Hemiauchenia
Vertebrate no broken R3
293 macrocephala Thoracic vertebrate no broken, young R2
294 Ovis canadensis Astragalus L no R3
295 Unknown Tibia calcined R4
296 Unknown long bone smoked (M4) 40
297 Equus sp. Mandible R no 2 molars (M4) 40
298 Equus sp. Maxilla no molars R3
299 Equus sp. Maxilla no 826
300 Equus sp. 
Hemiauchenia
Mandible smoked 119719
301 macrocephala Mandible no R4
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302 Equus sp. Maxilla no R3
303 Ovis canadensis Long bone no broken
304 E quussp. Tibia no broken (M5) 24
305 Ovis canadensis Atlas no (M5) 25
306 Odocoileus hemionus Tibia R calcined proximal spiral fracture, lateral crack, warped R3
307 Ovis canadensis 
Hemiauchenia
Mandible L calcined distal broken
308 macrocephala
Hemiauchenia
Tibia calcined proximal step fracture (M5) 27
309 macrocephala Phalanx 1 L calcined
310 Ovis canadensis Phalanx 1 R no (M2) 77
311 Ovis canadensis Humerus smoked gnaw marks R2
312 Camelops hesternus Astragalus R no (M4) 14
313 Unknown Phalanx 1 no R4
314 Ovis canadensis Horn core calcined fragments R4
315 Nothrotheriops shastensis Limb bone no
316 Nothrotheriops shastensis Rib no (M2) 69
317 Unknown
Hemiauchenia
Long bone no Appears to have been recoverd from a packrat nest (M2) 52
318 macrocephala Bone fragment calcined (M3) 12
319 Nothrotheriops shastensis 
Hemiauchenia
Bone fragment no (M2) 18
320 macrocephala Bone fragment calcined young (M 4)7
321 Ovis canadensis Horn core no (M2) 18
322 Equus sm. Innomate no R3
323 Ovis canadensis Horn sheath no Paul Martin
324 Ovis canadensis Horn core no
325 Ovis canadensis 
Hemiauchenia
Skull fragment no R4
326 macrocephala Phalanx 1 R smoked R3
327 Ovis canadensis Tibia no Spiral proximal and lateral fracture (M2) 71
328 Unknown Limb bone no Lateral fracture, proximal and distal fracture (M5) 44
329 Odocoileus hemionus Metapodial calcined lateral and distal fracture (M4) 30
330 Unknown Limb bone calicinated (M5) 33
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331 Ovis canadensis Dorsal smoked (M2) 16
332 Ovis canadensis Lumbar vertebrate smoked (M2) 41
333 Ovis canadensis Axis smoked R4
334 Ovis canadensis Dorsal smoked R4
335 Ovis canadensis Lumbar vertebrate no (M2) 42
336 Equus Ig. Radius L calcined distal fracture (M5) 4 ?
337 Unknown Humerus R Lateral, proximal, distal fracture R4
338 Unknown Horns? distal fracture (M2) 75
339 Equus sp. Pelvis no fragment (M5) 41
340 Unknown Limb bone smoked proximal and distal fracture (M2) 40
341 Unknown Limb bone Lateral fracture, gnaw marks (M2) 11
342 Unknown Limb bone calcined distal and proximal spiral fracture (M2) 40
343 Unknown Long bone smoked lateral fracture (M2) 57
344 Unknown Long bone calcined lateral fracture (M5) 59
345 Ovis canadensis Pelvis no proximal and distal fracture (M2) 26
346 Unknown Limb bone no fractured proximal, step fracture, gnaw marks (M2) 48
347 Ovis canadensis Pelvis no proximal and distal fracture (M2) 57
348 Ovis canadensis Horn core no fragment (M l)  30
349 Unknown Pelvis fragment calcined fragment (M l)  18
350 Ovis canadensis Thoracic vertebrate no (M2) 39
351 E quussp. Limb bone calcined lateral spiral fracture (M2) 76
352 Ows canadensis Pelvis no fragment (M2) 22
353 Unknown Bone fragment calcined lateral fracture (M5) 45
354 Unknown Long bone calcined proximal,distal spiral (M4) 21
355 Ovis canadensis Ulna no proximal and distal spiral (M5) 58
356 Unknown Long bone calcined Lateral fracture (M4) 49
357 Ovis canadensis 
Hemiauchenia
Pelvis smoked distal and proximal fracture (M5) 52
358 macrocephaia Cuneiform calcined (M 4)5
359 Ovis canadensis Pelvis no fragment (M2) 13
360 Ovis canadensis Pelvis no (M5) 43
361 Unknown Fragment calcined lateral fracture (M5) 43
362 Unknown Fragment smoked fragment (M5) 58
363 Ovis canadensis Lumbar vertebrate calcined broken (M5) 53
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364 Equus sp. Scapula no Distal and proximal (M2) 72
365 Odocoileus hemionus L Calcaneus no (M4) 37
366 Odocoileus hemionus R Calcaneus no (M4) 37
367 Ovis canadensis Calcanium calcined
368 Unknown
Hemiauchenia
Bone fragment (M4) 34
369 macrocephaia Bone fragment calcined (M5)61
370 Unknown Bone fragment calcined (M2) 32
371 Ovis canadensis Bone fragment no (M2) 39
372 Equus sp. Limb bone no (M l)  30
373 Ovis canadensis Vertebrate no broken (M2) 15
374 Unknown Long bone no (M 5)3
375 Ovis canadensis Humerus R no proximal irregular perpendicular (M5) 26
376 Unknown Humerus fragment no spiral fracture proximal and distal (M4) 14
377 Equus Ig. Tibia no lateral and proximal sawtooth fracture (M5) 24
378 Unknown Bone fragment calcined
(M5) 13 or
379 Ovis canadensis Thoracic vertebrate no 12
380 Ovis canadensis Humerus no chewed off fragement (M 5)3
381 Unknown Vertebrate no fragment (M 5)3
382 Unknown Long bone no proximal sawtooth, distal sawtooth (M 5)3
383 E quussp. R calcaneum no (M3) 12
384 E quussp. Carpals no (M3) 12
385 Unknown Long bone calcined proximal, distal, lateral spiral fracture (M l)  34
386 E quussp. Astragales R no (M4) 40
387 Equus sp. Tibia R no proximal (M 1)34
388 Unknown Long bone smoked (m l)  34
389 Unknown Vertebrate frag no (m5) 22
390 Unknown Vertebrate frag no (M2) 27
391 Odocoiieus hemionus Skull fragment no (M 5)3
392 Ovis canadensis Calcaneum L no R3
393 Nothrotheriops shastensis ? Bone fragment no Irregular perpendicular R4
394 Unknown Bone fragement no (M2) 64
395 Unknown Bone fragment no (M 4)7
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396 Nothrotheriops shastensis Limb bone no irregular perpendicular (M3) 12
397 Camelops hesternus Long bone calcined Irregular proximal (M2) 52
398 Unknown Long bone calcined spiral fracture (M2) 18
399 Unknown Long bone calcined spiral fracture (M2) 18
400 Unknown Long bone calcined lateral, proximal, distal, spiral (M2) 18
401 Unknown Long bone calcined irregular perpendicular
402 Equus sp.? Long bone no irregular perpendicular, gnaw marks
403 Unknown Tibia, young no smooth perpendicular, gnaw marks R3
404 Unknown Long bone tibia? no lateral and distal fracture R4
405 Ows canadensis Cervical vertebrate no ligaments R4
406 Odocoileus hemionus Radius L no gnaw marks R2
407 Odocoileus hemionus Radius R no distal spiral fracture. R5
408 Nothrotheriops shastensis Calcaneium L no in several pieces
409 Nothrotheriops shastensis Astragalus R no excellent preservation (M4) 36
410 Nothrotheriops shastensis Cuboid no excellent preservation
411 Nothrotheriops shastensis Metatarsal V L no not complete R4
412 Nothrotheriops shastensis Haemapophysis no (?)35
413 Nothrotheriops shastensis Haemapophysis no R4
414 Nothrotheriops shastensis Navicular no excellent preservation R4
415 Nothrotheriops shastensis Patella L no excellent preservation (M l) 10
416 Nothrotheriops shastensis Skull no fragile (M l)  9
417 Nothrotheriops shastensis Mandible no partially restored 818 6F-122
418 Nothrotheriops shastensis Mandible no excellent preservation 808 6F-165
419 Nothrotheriops shastensis Scapula R no Good condition 817
420 Nothrotheriops shastensis Tibia L no excellent preservation 119219 
21639 (M l)
421 Nothrotheriops shastensis Scapula R no Lots o f pieces glued together 16
422 Nothrotheriops shastensis Metacarpal II R smoked 810
423 Nothrotheriops shastensis Radius L smoked deformed proximal shaft 822
424 Nothrotheriops shastensis Epiphysis calcined R4
425 Nothrotheriops shastensis U lnaL smoked irregular perpendicular proximal and distal (M3) 54
426 Nothrotheriops shastensis Ulna R no irregular fracture (M2) 37
427 Nothrotheriops shastensis Ulna R smoked two pieces glued together (M3) 5
428 Nothrotheriops shastensis Ulna calcined fractured proximal and distal (M4) 16
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429 Nothrotheriops shastensis Ulna R calcined Irregular proximal fracture (M2) 25
430 Nothrotheriops shastensis Humerus L no excellent preservation
431 Nothrotheriops shastensis Humerus L no (M l)  1
432 Nothrotheriops shastensis Humerus L no irregular perpendicular fracture
433 Nothrotheriops shastensis Humerus R no excellent preservation R2
434 Nothrotheriops shastensis Pelvis no irregular fracture
435 Nothrotheriops shastensis Femur R no (M4) 45
436 Nothrotheriops shastensis Femur L no
437 Nothrotheriops shastensis Pelvis smoked (M l)  17
438 Nothrotheriops shastensis Mandible young no neonatal (M4) 28
439 Nothrotheriops shastensis Mandible smoked right side burned, left side not burned (M3) 12
440 Nothrotheriops shastensis Rib no short fragment (M4) 19
441 Nothrotheriops shastensis Rib no short fragment
442 Nothrotheriops shastensis Costal rib no broken distal
443 Nothrotheriops shastensis Rib no broken (M4) 42
444 Nothrotheriops shastensis Rib calcined broken
445 Nothrotheriops shastensis Rib no broken, water damage (M2) 32
446 Nothrotheriops shastensis Rib no water damage (M2) 62
447 Nothrotheriops shastensis Costal rib no broken distal (M2) 32
448 Nothrotheriops shastensis Costal rib no scalloped fractures on both sides, gnaw marks R5
449 Nothrotheriops shastensis Rib no R5
450 Nothrotheriops shastensis Rib no broken proximal and distal R5
451 Nothrotheriops shastensis Rib no broken proximal and distal (M4) 31
452 Nothrotheriops shastensis Rib no broken proximal and distal
453 Nothrotheriops shastensis Costal rib no broken distal (M3) 10
454 Nothrotheriops shastensis Rib no broken proximal and distal (M l)  18
455 Nothrotheriops shastensis Rib no broken proximal and distal (M3) 10
456 Nothrotheriops shastensis Rib no broken proximal and distal R4
457 Nothrotheriops shastensis Rib no broken proximal and distal and scalloped R4
458 Nothrotheriops shastensis Costal Rib no broken distal, water damage R4
459 Nothrotheriops shastensis scapula fragment no gypsum crystals (M5) 34
460 Nothrotheriops shastensis Bone fragment calcined broken proximal and distal
461 Nothrotheriops shastensis Scapula fragment calcined broken proximal and distal (M5) 56
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462 Nothrotheriops shastensis Rib no (M5) 33
463 Nothrotheriops shastensis Rib no broken (M l)  12
464 Nothrotheriops shastensis Bone fragment no (M4) 35
465 Nothrotheriops shastensis Scapula no broken proximal and distal (M4) 35
466 Nothrotheriops shastensis Pelvis no broken proximal and distal (M4) 33
467 Nothrotheriops shastensis Metacarpal no proximal and distal fracture (M4) 45
468 Nothrotheriops shastensis Ulna smoked (M3) 2
469 Nothrotheriops shastensis Phalanx no (M5) 66
470 Nothrotheriops shastensis Fibula R no fractured R4
471 Nothrotheriops shastensis Fibula R no fractured
472 Nothrotheriops shastensis Thoracic vertebrate no broken
473 Nothrotheriops shastensis Lumbar vertebrate smoked broken R4
474 Nothrotheriops shastensis Lumbar vertebrate smoked broken R4
475 Nothrotheriops shastensis Thoracic vertebrate no intact R4
476 Nothrotheriops shastensis Lumbar vertebrate no broken (M4) 29
477 Nothrotheriops shastensis Lumbar vertebrate smoked broken (M4) 24
478 Nothrotheriops shastensis Lumbar vertebrate smoked broken
479 Nothrotheriops shastensis Vertebrate no broken
480 Nothrotheriops shastensis Lumbar vertebrate no broken 814
481 Nothrotheriops shastensis Thoracic vertebrate no broken (M4) 24
482 Nothrotheriops shastensis Vertebrate no broken
483 Nothrotheriops shastensis Axis no broken R3
484 Nothrotheriops shastensis Axis no gypsum crystals R3
485 Nothrotheriops shastensis Caudal vertebrate no broken R3
486 Nothrotheriops shastensis Thoracic vertebrate smoked broken (M5) 62
487 Nothrotheriops shastensis Lumbar vertebrate no broken R4
488 Nothrotheriops shastensis Thoracic vertebrate no broken
489 Nothrotheriops shastensis Lumbar vertebrate no broken R4
490 Nothrotheriops shastensis Thoracic vertebrate smoked broken
491 Nothrotheriops shastensis Vertebrate no broken
492 Nothrotheriops shastensis Thoracic vertebrate no broken (M3) 1
493 Nothrotheriops shastensis Thoracic vertebrate no broken (M2) 29
494 Nothrotheriops shastensis Lumbar vertebrate no broken (M2) 7
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495 Nothrotheriops shastensis Metatarsal V R no intact
496 Nothrotheriops shastensis Thoracic vertebrate no broken R5
497 Nothrotheriops shastensis Caudal vertebrate no broken
498 Nothrotheriops shastensis Caudal vertebrate no water damage
499 Nothrotheriops shastensis Lumbar vertebrate no water damage R4
500 Nothrotheriops shastensis Lumbar vertebrate no water damage
501 Nothrotheriops shastensis Caudal vertebrate no water damage
502 Nothrotheriops shastensis Caudal vertebrate no broken, young
503 Nothrotheriops shastensis Lumbar vertebrate no broken
504 Nothrotheriops shastensis Lumbar vertebrate no broken
505 Nothrotheriops shastensis Thoracic vertebrate no young
506 Nothrotheriops shastensis Metatarsal II L no intact
507 Nothrotheriops shastensis Costal rib no broken (M l)  10
508 Nothrotheriops shastensis Costal rib calcined broken R4
509 Nothrotheriops shastensis Sternal rib no broken (M4) 45
510 Nothrotheriops shastensis Rib no broken
511 Nothrotheriops shastensis Rib no broken (M2) 62
512 Nothrotheriops shastensis Rib smoked broken (M 5)16
513 Nothrotheriops shastensis Rib no broken (M 5)7
514 Urocyon cinereoargenteus Skull and Mandible calcined 2 pieces (M2) 60
515 Vulpes macrotis Skull no (M2) 50
516 Vulpes macrotis Mandible 
Skull, mandible, 
vertebral columb.
no 2 pieces R4
517 Vulpes macrotis pelvis no held together R2
518 Lynx rufus Skull no young R4
519 Vulpes macrotis Skull no R4
520 Nothrotheriops shastensis Tarsal calcined broken R5
521 Nothrotheriops shastensis Vertebrate no broken (M2) 36
522 Nothrotheriops shastensis Metacarpal V R no intact young (M5) 49
523 Nothrotheriops shastensis Metacarpal V L no intact (M5) 55
524 Nothrotheriops shastensis Rib no broken 23488
525 Nothrotheriops shastensis Ulna calcined broken
526 Nothrotheriops shastensis Rib no broken (M2) 30
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527 Nothrotheriops shastensis Rib calcined broken R4
528 Nothrotheriops shastensis Calcaneium L calcined broken distal R4
529 Nothrotheriops shastensis Rib calcined broken distal and proximal (M5) 14
530 Nothrotheriops shastensis Vertebrate no broken (m5) 36
531 Nothrotheriops shastensis Pelvis no broken
532 Nothrotheriops shastensis Rib no broken (M 4)15
533 Nothrotheriops shastensis Rib no broken, gnaw mark (M5) 36
534 Nothrotheriops shastensis Rib no not complete (M2) 67
535 Nothrotheriops shastensis Lumbar vertebrate no broken
536 Nothrotheriops shastensis Rib no sharp fracture R4
537 Nothrotheriops shastensis Lumbar vertebrate no broken (M2) 63
538 Nothrotheriops shastensis Caudal vertebrate no water damage R4
539 Nothrotheriops shastensis Caudal vertebrate no broken distal, water damage R4
540 Nothrotheriops shastensis Rib no broken proximal and distal R4
541 Nothrotheriops shastensis Rib no broken distal R4
542 Nothrotheriops shastensis Rib no broken distal (M l)  13
543 Nothrotheriops shastensis Femur no damaged
544 Nothrotheriops shastensis Upper maxilla no broken R4
545 Nothrotheriops shastensis Metarsal L II no midden
546 Nothrotheriops shastensis Metatarsal R II no (M l)  33
547 Nothrotheriops shastensis Rib no Stock photo, cut marks?
548 Ovis canadensis Metapodial calcined homogeneously calcined
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